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Description 

The present invention relates to a method for regenerating corn ( Zea mays ) plants from protoplasts or 
from protoplast-derived ceils. It also relates to the embryogenic cell cultures (suspension cultures or callus 

5 cultures) and calli that constitute the source for Zea mays protoplasts which can be regenerated into plants. 
It further relates to the methods of producing the embryogenic cell cultures mentioned above, and of the 
embryogenic calli. It further relates to genetically altered protoplasts of Zea mays plants, preferably 
transgenic protoplasts of Zea mays plants comprising a chimeric gene that expresses in corn ( Zea mays ) 
cells insecticides having substantially the insect toxicity properties of the crystal protein produced by 

10 Bacillus thuringiensis , 

(PART A) REGENERATION OF ZEA MAYS PLANTS FROM PROTOPLASTS 

Descriptions of regeneration of Zea mays from callus mainly date from the mid 1970's [for example: 

is Green and Phillips, Crop Sc. , 15 (1975) 417-421,; Harms et al. Z. Pflanzenzuechtg. , 77 (1976) 347-351; 
European patent applications EP-0,1 60,390, Lowe and Smith (1985); EP-0,176,162, Cheng (1985); and EP- 
0,177,738, Close (1985)]. Attempts have been made to obtain division and subsequent plant regeneration 
from protoplasts of Zea mays over a period of more than 12 years [Potrykus et al., In: Cell Genetics in 
Higher Plants, Dudits et al. , (eds), Akademiai Kiado, Budapest (1976) 129-140, and references therein; 

20 Harms, "Maize and Cereal Protoplasts- Facts and Perspectives," Maize for Biological Research , W.F. 
Sheridan, ed. (1982); Dale, in: Protoplasts (1983); Potrykus et al (eds.) Lecture Proceedings, Experientia 
Supplementum 46, Potrykus et al., eds, Birkhauser, Basel (1983) 31-41, and references therein]. However, 
protoplasts of Zea mays have always given rise only to cultures which have not been capable of 
regenerating fertile" plants [Potrykus et al., Mol. Gen. Genet. 156 (1977) 347-350; Potrykus et al., Theor. 

25 Appl. Genet , 54 (1979) 209-214; Choury and Zurawski, Theor. Appl. Genet , 59 (1981) 341-344; Vasil, In; 
Proc. 5th Int. Cong. Plant Tissue and Cell Culture , Fujiwara (ed), Tokyo, (1982) 101-104; Imbrie-Milligan and 
Hodges, Planta , 168 , (1986) 395-401; Vasil and Vasil, Theor. Appl. Genet , 73 (1987) 793-798]. However, 
none of these references provides a description of a procedure for producing protoplasts capable of 
regenerating fertile plants have appeared. 

30 The ability to produce such protoplasts would allow the genetic manipulation of this important crop by, 
for example, transformation or fusion, or the use of protoplasts as the starting material for selection of 
valuable new phenotypes. 

Although there has been great interest in genetic transformation of Zea mays , there has been no 
description to date of a successful in vitro method which can lead to a regenerated, transformed plant, 

35 although there have been descriptions of transformation of Zea mays protoplasts that have led to the 
recovery of non-regenerable callus [Fromm et al., Nature, 319 , (1986) 791-793]. One method to produce 
transgenic Zea mays plants would be to find a way in which to stably transform protoplasts capable of 
re g enera tion to whole fertile plants. However no description of a method to produce Zea mays protoplasts 
capable of undergoing differentiation to whole fertile plants has appeared. 

40 This and other objectives have been achieved in accordance with the present invention by discovering 
a method for producing Zea mays protoplasts that can divide to form callus colonies. The protoplasts can 
be transformed, and the calli are capable of regenerating fertile Zea mays plants. The process for producing 
Zea mays protoplasts capable of dividing and forming callus, which can then be induced to regenerate into 
whole fertile plants requires a special type of callus. Such callus and methods for producing and identifying 

45 it will be described, and are considered part of the invention. 

The special type of callus is used to initiate cell suspensions, which are also considered part of the 
invention. These cell suspensions, upon subculture, give rise to suspensions which can be used to isolate 
protoplasts. These protoplasts are capable of dividing and forming callus, which can then be induced to 
regenerate plants. Cell division or callus formation is promoted by the presence of certain agents, such as 

so O-loweralkanoyl-saiicylic acid (O-acetyf-saiicylic acid and its homologs), plant growth regulators or DMSO, 
or by combinations of these agents. 

Plant regeneration from protoplast-derived Zea mays cells in culture is essential for the application of 
somatic hybridization, for the production of improved Zea mays varieties through somaclonal variation, and 
for the use of genetic engineering in producing new Zea mays plants, plant varieties, cultivars or inbreds 

55 with new phenotypic traits. 
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(PART B) INSECTICIDAL CORN (ZEA MAYS) PLANTS 

Bacillus thuringiensis (hereinafter Bt) is a species of bacteria that produces a crystal protein, also 
referred to as delta-endotoxin. This crystal protein is, technically, a protoxin that is converted into a toxin 
s upon being ingested by larvae of lepidopteran, coleopteran and dipteran insects. 

The crystal protein from Bt is a potentially important insecticide having no known harmful effects on 
humans, other mammals, birds, fish or on insects other than the larvae of lepidopteran, coleopteran and 
dipteran insects. The activity of the Bt toxin is extremly high, so that only nanogram amounts are required 
to kili susceptible insect larvae. Other advantages of the use of the crystal protein from Bt as an insecticide 
10 include its broad spectrum of activity against lepidopteran, coleopteran and dipteran insect larvae, and the 
apparent difficulty of such larvae to develop resistance against the crystal protein, even where the crystal 
protein is used on a large scale. Said larvae are a major problem in agriculture and forestry, and especially 
in corn cultivation. 

The crystal protein is effective as an insecticide when it is applied to plants subject to lepidopteran, 

15 coleopteran or dipteran larvae infestation. 

So far, the Bt crystal protein (protoxin) was isolated from the Bacillus and applied to the plants by 
standard methods such as by dusting or spraying. Preparations containing the Bt crystal protein are used 
commercially as biological insecticides. For example: Bactospeine, distributed by Biochem Products Ltd., 
Dipel distributed by Abbot Laboratories; and Thurcide, distributed by Sandoz AG. The fact that Bt produces 

20 the crystal protein only during sporulation represents a significant disadvantage in connection with the 
manufacture and use of this biological insecticide. Such growth phase limitation, particularly in an industrial 
process, can result in inconvenience and exessive time requirements during manufacture. In addition, costs 
associated with said manufacture made it difficult for such a biological insecticide to compete effectively 
with other commercially available products based on chemicals, such as, for example, pyrethroid deriva- 

25 tives. 

A further disadvantage with respect to the use of the Bt toxin is, for example, the fact that the protein 
usually remains on the surface of the treated plants, where it is effective only against surface-feeding larvae, 
and where it is inactivated by prolonged exposure to ultraviolet radiation. This inactivation may be at least 
one cause of the general lack of persistence of the crystal protein in the environment. Accordingly, frequent 

30 and expensive application of the crystal protein is necessary. 

These and other disadvantages can be overcome by incorporating and expressing a gene coding for a 
Bt crystal protein or for a protein having substantially the insect toxicity properties of a Bt crystal protein in 
plants. The present invention describes how these disadvantages can be overcome by incorporating and 
expressing a gene coding for a Bt crystal protein or for a protein having substantially the insect toxicity 

35 properties of a Bt crystal protein in corn protoplasts and regenerating fertile transgenic corn plants from the 
transformed protoplasts and culturing these insect resistant corn plants. 

By taking advantage of genetic engineering, a gene responsible for the production of a useful 
polypeptide can be transferred from a donor cell, in which the gene naturally occurs, to a host cell, in which 
the gene does not naturally occur; Cohen and Boyer, U.S. patents 4,237,224 and 4,468,464. There are, in 

4o fact, few inherent limits to such transfers. Genes can be transferred between viruses, bacteria, plants and 
animals. In some cases, the transferred gene is functional, or can be made to be functional, in the host cell. 
When the host cell is a plant cell, whole plants can sometimes be regenerated from the cell. 

Genes typically contain regions of DNA sequences including a promoter and a transcribed region. The 
transcribed region normally contains a 5' untranslated region, a coding sequence, and a 3' untranslated 

45 region. 

The promoter contains the DNA sequence necessary for the initiation of transcription, during which the 
transcribed region is converted into mRNA. In eukaryotic cells, the promoter is believed to include a region 
recognized by RNA polymerase and a region which positions the RNA polymerase on the DNA for the 
initiation of transcription. This latter region is referred to as the TATA box, which usually occurs about 30 
50 nucleotides upstream from the site of transcription initiation. 

Following the promoter region is a sequence that is transcribed into mRNA but is not translated into 
polypeptide. This sequence constitutes the so-called 5' untranslated region and is believed to contain 
sequences that are responsible for the initiation of translation, such as a ribosome binding site. 

The coding region is the sequence that is just downstream from the 5* untranslated region in the DNA 
55 or the corresponding RNA. It is the coding region that is translated into polypeptides in accordance with the 
genetic code. Bt, for example, has a gene with a coding sequence that translates into the amino acid 
sequence of the insecticidal protoxin crystal protein. 
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The coding region is followed downstream by a sequence that is transcribed into mRNA, but is not 
translated into polypeptide. This sequence is called the 3' untranslated region and is believed to contain a 
signal that leads to the termination of transcription and, in eukaryotic mRNA, a signal that causes 
polyadenyiation of the transcribed mRNA strand. Polyadenylation of the mRNA is believed to have 
s processing and transportation functions. 

Natural genes can be transferred in their entirety from a donor cell to a host cell. It is often preferable 
however, to construct a gene containing the desired coding region with a promoter and, optionally, 5' and 3* 
untranslated regions that do not, in nature, exist in the same gene as the coding region. Such constructs are 
known as chimeric genes, 

to Genetic engineering methods have been described for improved ways of producing the crystal protein. 

For example, Schnepf et aL, U.S. Patent 4,448,885 and 4,467,036, describe pfasmids for producing crystal 
protein in bacterial strains other than Bt These methods permit production of the crystal protein, but do not 
overcome the disadvantages of using the crystal protein as a commercial insecticide. 

Suggestions have been made to clone Bt toxin genes directly into plants in order to permit the plants to 

75 protect themselves; [Klausner, A., Biotechnology , 2 (1984) 409-413]. Adang et aL, European Patent 
Application EP-0,1 42,924 (Agrigenetics) and DeGreve, H.M.J., et al., EP-0,1 93,259 (Plant Genetic Systems 
N.V.) allege a method for cloning toxin genes from Bt in tobacco. In none of these publications the 
transformation of monocotyledonous plants is exemplified. 

A need exists for developing new methods for producing the crystal protein of Bt in cells of corn plants 

20 and for new methods of controlling insect larvae which feed on corn plants containing a Bt crystal protein or 
a similar polypeptide having substantially the insect toxicity properties (insecticidal activity) of a Bt crystal 
protein. "Controlling" should be understood as referring either to killing the larvae, or at least reducing their 
feeding. Further need exists for a method for protecting corn plants against damage caused by pests or 
pathogens comprising the production of an amount of a pesticidal or antipathogenic protein in the plant cell 

25 and plant respectively, which amount is sufficiently effective for killing or controlling the pest or the 
pathogen. Further need exists preferably for a method for protecting corn plants against insect damage 
comprising the production of an insecticidal effective amount of a Bt crystal protein or a protein having 
substantially the insect toxicity properties of a Bt crystal protein in the plant cell. Further need exists for a 
method for protecting corn plants from damage by chemical agents, such as, for example herbicides, in 

30 order for such chemicals can be safely applied to corn plants. 

These and other objectives have been achieved in accordance with the present invention which 
provides a method for producing corn ( Zea mays ) protoplasts that can form cell and callus colonies. The 
protoplasts can, if desired, be transformed, and the resultant cells and calii are capable of being 
regenerated into transgenic Zea mays plants. The process for producing protoplasts capable of dividing and 

35 forming callus, which then can be regenerated into plants, requires as a starting material a novel 
embryogenic cell culture (suspension cultures or callus cultures). Such embryogenic cell cultures and 
methods for producing and identifying them will be described, and are considered part of the invention. 
Embryogenic callus from which the suspensions are derived can also be used as a starting material for 
protoplasts. Such callus and suspensions, embryos and methods for producing and identifying them will be 

40 described, and are also considered part of the present invention. 

These embryogenic suspension cultures are capable of being regenerated into whole fertile corn plants 
and represent a preferred subject of the present invention. 

These embryogenic cultures are the source of protoplasts capable of being transformed with exogenous 
DNA, and of dividing and forming callus, which then can be regenerated into plants, including whole, fertile 

45 Zea mays plants that can grow in soil. 

This invention further provides protoplasts of Zea mays plants comprising chimeric genes capable of 
expressing in corn cells a polypeptide having substantially the insect toxicity properties of Bt crystal protein 
(hereinafter, chimeric Bt toxin gene). 

Further disclosed in the present invention are the chimeric Bt toxin gene in vectors, bacteria, plant cells 

50 in culture, and plant cells in living plants, as well as methods for producing a toxin having substantially the 
insect toxicity properties of Bt crystal protein in corn cells and methods for controlling or killing insects by 
feeding them corn cells containing a gene that expresses such a toxin. 

This invention further describes methods for protecting Zea mays from damage by fungal pathogens by 
introducing and expressing in corn cells and plants a gene encoding a polypeptide having chitinase activity. 

55 This invention further describes methods for introducing and expressing in corn cells and plants a gene 
encoding a polypeptide which renders the cells and plants tolerant to herbicidal chemicals. 

One could not predict from the prior art at the time this invention was made, that corn (Zea mays ) 
plants, particularly fertile corn plants could be regenerated from protoplasts, from protoplast-derived cells or 
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protoplast-derived caili. Even less predictable was that Zea mays protoplasts containing stably incorporated 
exogenous DNA could also be regenerated into transgenic plants, particularly into fertile transgenic Zea 
mays plants. 

5 OBJECTS OF THE INVENTION 

This invention is directed to embryogenic cell cultures (suspension cultures or callus cultures) derived 
from Zea mays plants from which protoplasts can be isolated, wherein the protoplasts regenerate cell walls, 
divide and form callus capable of being regenerated into plants, including fertile Zea mays plants. 
70 This invention also relates to Zea mays protoplasts and the resulting protoplast-derived plant cells (after 

regeneration of the cell walls) that can be regenerated into plants which are preferably fertile, preferably to 
such protoplasts derived from cell cultures or from embryogenic cell suspensions. 

This invention also relates to embryogenic cell suspension cultures which can be regenerated into 
fertile corn plants. 

15 The Zea mays protoplasts can be transformed or otherwise genetically altered and then regenerated to 
Zea mays plant cells, calli, embryogenic suspensions* embryos, plantlets and plants 

Furthermore, the regenerated Zea mays plants which are derived from embryogenic cell suspension 
cultures or cultured protoplasts can give rise to propagules or progeny. Propagules include any material 
that can be sexually or asexually propagated or propagated in-vivo or in-vitro. Among this propagating 

20 material protoplasts, cells, calli, tissues or seeds are preferred. The progeny of said regenerated Zea mays 
plants includes mutants and variants thereof. Mutants and variants include, for example, those plants 
obtained from cell fusion or mutant selection. 

This invention preferably relates to transgenic protoplasts of Zea mays plants having stably incor- 
porated exogenous DNA, preferably exogenous DNA expressible in Zea mays , more preferably a chimeric 

25 gene that provides the transformed plant with a valuable property. Valuable properties are described 
subsequently. 

This invention also relates to a method of producing Zea mays protoplasts and Zea mays plant cells 
that can .be regenerated into plants, particularly into fertile plants, moreover, to a method of producing Zea 
mays calli derived from said protoplasts or protoplast-derived cells and being capable of regeneration into 
30 plants, preferably into fertile plants. In addition, it relates to a method of regenerating Zea mays plants and 
transgenic Zea mays plants, from these cells (callus or suspension culture cells. 

These methods are described in detail hereinafter. 

It is a further object of the present invention to provide a method for producing in Zea mays cells a Bt 
crystal protein or a protein that has substantially the insect toxicity properties of a Bt crystal protein. 
35 Especially preferred is a method for producing in Zea mays a polypeptide having substantially the insect 
toxicity properties of a Bacillus thuringensis crystal protein, which method comprises: 

(a) introducing into Zea mays cells a gene coding for a polypeptide having substantially the insect 
toxicity properties of a Bt crystal protein wherein the promoter, 5'untranslated region, and optionally, the 
3' untranslated region of the gene are derived from plant or plant virus gene and 
40 (b) expressing the polypeptide. 

The present invention further describes a method for protecting Zea mays plants against damage 
caused by a pathogen which attacks Zea mays plants, which method comprises producing in the plant cell 
an antipathogenically effective amount or an amount sufficient to control the pathogen of a protein having 
antipathogenic or pathogen-controlling activity. 
45 The present invention further describes a method for protecting Zea mays plants against pest damage 
comprising the production in the plant cell of a pesticidaJly effective amount or an amount sufficient to 
control the pest of a protein having pesticidal or pest-controlling activity. Especially preferred is a method 
wherein the pest is an insect. 

The present invention further describes a method of controlling insect larvae, preferably lepidopteran, 
50 coleopteran and dipteran larvae by feeding them com plant cells containing chimeric genes which express 
an insecticidal amount of a Bt crystal toxin or a toxin having substantially the insect toxicity properties of 
BtGjS crystal protein. 

The present invention further describes a method for protecting corn plants against insect damage 
comprising the production of a controlling or insecticidal effective amount of a Bt crystal protein or a protein 
55 having substantially the insect toxicity properties of a Bt crystal protein in the plant cell. The insecticidal 
corn plant cells include those from whole plants and parts of plants as well as cultured corn cells. 

The present invention further describes a method wherein the protein is produced in an amount 
sufficient to render the plant unattractive to the insect so that they stop feeding on the plant. 
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These and further objects will become available from the following detailed description. 
BRIEF DESCRIPTION OF THE FIGURES 

5 Figure 1 shows callus that is suitable for use in initiating embryogenic suspensions of Zea mays. 
(Magnification approximately 7X). (Step a). 

Figures 2 and 3 show densely cytoplasmic, dividing cells that are retained in the cultures of step b 
through d. (Magnification approximately 20X). 

Figure 4 shows calli developing from protoplasts cultured in solid medium. (Magnification approximately 
w 7X). 

Figure 5 shows callus derived from protoplasts according to step f. (Magnification approximately 7X). 
Figure 6 shows further differentiation of the callus to form a plantlet according to step g. (Magnification 
approximately 7X). 

Figure 7 shows colonies arising from Zea mays protoplasts plated in KM medium with and without 2,4-D 
75 and acetyl-salicylic acid. Upper left: no 2,4-D or acetyl-salicylic acid. Upper right: 1 mg/liter 2,4-D and no 

acetyl-salicylic acid. Lower left: 100 mg/liter acetyl-salicylic acid and no 2,4-D. Lower right: 100 mg/liter 

acetyl-salicylic acid and 1 mg/liter 2,4-D. 

Figure 7a shows the construction of pCIB5. 

Figure 7b shows the construction of pCIB4. 
20 Figure 7c shows the construction of pCIB2. 

Figure 7d shows the construction of pRK252Km. 

Figure 7e shows the construction of pCIBIO, 

Figure 7f shows the construction of pRK290Km. 

Figure 7g shows the construction of pCIBIOa. 
25 Figure 8 shows plantlets regenerated from protoplast-derived callus of Zea mays . 

Figure 9 shows a Zea mays plant regenerated from protoplast-derived callus. 

Figure 10 shows the construction of plasmid pCIB710. 

Figure 11 shows the construction of plasmid pCIB1 0/710. 

Figure 12 shows the construction of plasmid pCIB10/35SBt. 
30 Figure 13 shows the nucleotide sequence of the endotoxin gene from Bacillus thuringiensis var. kurstaki 

HD1. A preferred sequence of nucleotides that codes for a crystal protein is that shown as nucleotides 

156 to 3623 in the sequence or a shorter sequence that codes for an insecticidal fragment of such a 

crystal protein; Geiser et al., Gene , 48 (1986) 109-118. 

Figure 14 shows the Southern blot analysis of different Zea mays calli recovered after transformation of 
35 Zea mays protoplasts with pCIB712, probed with the EcoRI fragment of pCIB712. 

Lanes 1-4: 0.5, 1, 2, and 5 copy(ies) per genome reconstruction: of pC!B712 cut with restriction 
endonuclease EcoRI. 

Lanes 5-25: DNA from Zea mays callus cultures recovered after transformation of protoplasts with 
pCIB712, cut with restriction endonuclease EcoRI. 
40 The DNA in Lane 10 clearly shows the presence of foreign DNA integrated into the genome of Zea mays 
cells as evidenced by the darkening of the film. The arrow points to the 975 bp fragment which is 
expected from EcoRI digestion of the integrated APH IV gene of pCIB712. which confers hygromycin 
resistance to the transgenic cells. 

Figure 15 shows the construction of pCIB10/35SBt(Kpnl). 
45 Figure 16 shows the construction of pCIB10/35SBt(Bcll). 
Figure 17 shows the construction of pCIB10/35SBt(607). 

DEFINITIONS 

so Zea mays/corn: Throughout the present specification or claims these terms refer to any plant or part of a 
plant (protoplasts, cells, tissues, organs, organelles, embryos, calli, propagules, etc.) belonging to the 
species of Zea mays . The terms as used here include races, cultivars, varieties, inbred lines and hybrids of 
Zea mays . The present invention includes but is not limited to corn inbred lines like, for example, Funk 
5N984, Funk 5N986, Funk 2717, Funk 21 1D, Funk 2N217A, B73, A632, CM105, B37, B84, B14, Mo17, 

55 R168, MS71, A188, FA91, A641 and W117. Preferred are all elite genotypes (varieties, cultivars, inbred 
lines, hybrids, etc.), including the elite inbred lines Funk 5N984, Funk 5N986, Funk 2717, Funk 21 1D and 
Funk 2N217A, most preferably the elite inbred line Funk 2717. 

BMS: "Black Mexican Sweet Corn". An old, small eared, sweet corn variety with dark blue coloration of the 
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kernel pericarp, giving the kernels a "black" appearance. 

Plant cell: The structural and physiological unit of plants, consisting ot a protoplast and the cell wall. 

The term "plant cell" refers to any cell which is either part of or derived from a plant. Some examples 
of cells encompassed by the present invention include differentiated cells that are part of a living plant; 
5 differentiated cefls in culture; undifferentiated cells in culture; the cells of undifferentiated tissue such as 
callus or tumors; seeds; embryos; propagules and pollen. 

Plant Tissue: A group of plant cells organized into a structural and functional unit. Any tissue of a plant in 
planta or in culture. This term includes, but is not limited to, whole plants, plant ceils, plant organs, plant 
seeds, protoplasts, cell culture and any groups of plant cells organized into structural and/or functional units. 
70 The use of this term in conjunction with, or in the absence of, any specific type of plant tissue as listed 
above or otherwise embraced by this definition is not intended to be exclusive of any other type of plant 
tissue. 

Plant Organ: A distinct and visibly structured and differentiated part of a plant such as root, stem, leaf, 
flower bud, or embryo. A plant organ may consist of different types of plant cells or plant tissues. 

15 Protoplast: Isolated plant cell without a cell wall. 

Transgenic Plant: A plant having stabiy incorporated exogenous DNA in its genetic material. The term 
includes exogenous DNA which may be introduced into the protoplasts in various forms, including, for 
example, naked DNA in circular, linear or supercoiled form, DNA contained in nucleosomes or chro- 
mosomes or nuclei or parts thereof, DNA complexed or associated with other molecules, DNA enclosed in 

20 liposomes, spheroplasts, cells or protoplasts. Various different methods of introducing the exogenous DNA 
into protoplasts are known in the art and can be used to produce the transgenic protoplasts, transgenic cells 
or transgenic plants of the present invention. 

Culture: A proliferating mass of cells in an undifferentiated or partially differentiated state. The term "cell 
culture" includes callus cultures consisting of cell masses growing on solidified culture medium and 

25 suspension culture cells growing in a dispersed state in an agitated liquid culture medium. 

Embryo: A minute early developmental stage of a plant, either derived from a zygote (then called sexual 
embryo) or from an embryogenic somatic cell (then called somatic embryo), with stages of recognizable 
morphology, structure and cellular organization comprising cellular to globular to cotyledonary stages. [Corn 
embryo development is,. for example, described in Randolph, L.F., J. Agric. Research, 53 (1936) 881-916; 

30 grass embryo development in general is, for example, described in Brown, W.V.,, Phytomorphology, 10 - 
(1960) 215-223.] 

Plantlet: A multicellular structure made up of a shoot and root in the form of a small plant. 
Chimeric Sequence or chimeric Gene: A DNA sequence containing at least two heterologous parts, e.g., 
parts derived from, or having substantial sequence homology to, pre-existing DNA sequences which are not 
35 associated in their pre-existing states. The pre-existing DNA sequences may be of natural or synthetic 
origin. 

Coding DNA Sequence : A DNA sequence which, when transcribed and translated, results in the formation of 
a cellular polypeptide. 

Gene : A discrete chromosomal region comprising a regulatory DNA sequences responsible for the control 
40 of expression, i.e. transcription and translation, and of a coding sequence which is transcribed and 
translated to give a distinct polypeptide. 

Derived from: In the context of this application genes, pats of genes, or other DNA sequences "derived 
from" other DNA sources embraces genes, parts of genes or other DNA sequences, identical to or 
substantially homologous to the DNA source material. 
45 Phenotypic Trait : An observable property resulting from the expression of one or more genes. 

Pre-existing DNA Sequence : A DNA sequence that exists prior to its use, in toto or in part, in a product or 
method according to the present invention. While such pre-existence typically reflects a natural origin, pre- 
existing sequences may be of synthetic or other origin. 

Substantial Sequence Homology : Substantial functional and/or structural equivalence between sequences of 
so nucleotides or amino acids. Functional and/or structural differences between sequences having substantial 

sequence homology will be de minimus. 

Dicamba: 3,6-dichloro-2-methoxy benzoic acid. 

MES: 2-[N-morpholino]ethane sulfonic acid. 

2,4-D: 2,4-dichlorophenoxyacetic acid. 
55 Picloram: 4-amino-3,6,6-trichloropicolinic acid. 

Tris-HCl: alpha,a)pha,alpha-tris(hydroxymethyl)methyiamine hydrochloride. 

EDTA: 1-ethylendiamine N.N.N'.N'-tetraacetic acid 

PEG: polyethylene glycol 
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Agarose: Preparation and purification of agarose are described, for example by Guiseley and Renn, ["The 
Agarose Monograph ", Marine Colloids Division FMC Corp. (1975)]. Agarose is one of the constituents of 
agar. Commercially available agar normally consists of a mixture of neutral agarose and ionic agaropectin 
with a large number of side groups. Commercial agarose is normally obtained from agar by conventional 

5 methods. Usually a certain number of side chains remains intact and determines the physicochemical 
properties of the agarose, such as gel formation and melting temperature. Low-melting agarose, especially 
SeaPIaque R agarose, is a preferred solidifying agent within the process described hereinafter. 
SH medium: Medium of Schenk, R.U., et al., Can. J. Bot., 50 (1972) 199-204; without growth regulators. (SH 
medium can be liquid or solidified with 0.8% (w/v) agar or with 0.5% (w/v) Gel Rite R ). The medium is 

10 normally sterilized by methods known in the art, for example, by heat or sterilized by autoclaving it at 
121 0 C and 15 lb/in 2 [1.2 kg/cm 2 ] pressure for about 15 to 20 minutes. 
MS Medium: Murashige, T., and Skoog, F., Physiol. Plant , 15 (1962) 473. 
B5 Medium: Gamborg, O. et al., Exp. Cell Res., 50 (1 968) 151. 

N6 Medium: Chu et al., Scientia Sinica, 18 (1975) 659. Composition given in Table 1 below. 
15 KM Medium : Kao, K.N., et al., Planta, 126 (1975) 105-110. This medium may be liquid or solidified with 
agar, agarose or GelRite R , and may equally well be prepared and used without ascorbic acid, vitamin D, 
and vitamin A. The medium components except solidifying agent are normally sterilized by filtration through 
a 0.2 um filter. (Composition given in Table 1 below.) 



20 



Tablql; Composition of media used . 

Macroelementa and microelementa of the 
media are as given in the literature. 



25 



MEDIUM: KM b ' c ' d 



N6 



Vitamins used in the culture media e: 
mg/liter 



30 



40 



35 



Biotin 

Pyridoxine HCl 
Thiamine HCl 
Nicotinamide 
Nicotinic acid 
Folic acid 
D-Ca-Pantothenate 
p-Aminobenzoic acid 
Choline chloride 
Riboflavin 
Vitamin B12 



0.01 
1.00 
10.00 
1.00 
0.10 
0.40 
1.00 
0.02 
1.00 
0.20 
0.02 



0.5 
0.1 



0.5 



45 



50 



55 
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Glycine 



0.10 



2,0 



Sugars and sugar alcohols: g/1 



iter 



Sucrose 

Glucose 

Mannitol 

Sorbitol 

Cellobiose 

Fructose 

Mannose 

Rhamnose 

Ribose 

Xylose 

ra-inosi tol 



0.25 
68, 40 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.10 



30.0 



Final pH 



5.8 



5.6 



Footnotes : 

a: macroelements are usually made up as a lOx concentrated 
stock solution, and microelements as a lOOOx concentrated 
stock solution. 

b: Citric, fumaric and malic acid (each 40 mg/liter final 
concentration.) and sodium pyruvate (20 mg/liter final 
concentration) are prepared as a lOOx concentrated stock 
solution, adjusted to pH 6.5 with NH^OH, and added to this 
medium. 

c: Adenine (0.1 mg/liter final concentration), and guanine, 
thymine, uracil, hypoxanthine and cytosine (each 0.03 
mg/liter final concentration) are prepared as a lOOOx 
concentrated stock solution, adjusted to pH 6.5 as above and 
added to this medium. 
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d: The following amino acids are added to this medium using a 
lOx stock solution (pH 6,5 with NH^OH ) to yield the given 

5 final concentrations: Glutamine (5.6 mg/liter), alanine, 

glutamic acid (each 0.6 mg/liter), cysteine (0,2 mg/liter), 
asparagine, aspartic acid, cystine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, tyrosine and valine (each 0.1 

75 mg/liter) . 



e: Vitamin stock solution is normally prepared lOOx 
20 concentrated. 

Cellulase RS: Cellulase RS, Yakult Honsha Co. Ltd., 1.1.19 Higashi-Shinbashi, Minato-ku, Tokyo 105, Japan. 
Pectolyase Y-23: Seishin Pharmaceutical Co. Ltd., 4-13 Koami-cho, Nihonbashi, Tokyo, Japan. 
25 Nalgene ^ filter: Naige Co., Division of Sybron Corp. Rochester, New York, 14602, USA. 

BgW: Restriction enzyme Bglil; New England Biolabs, 32 Tozer Road, Beverly, MA, 01915, USA, or any 
other commercial supplier. 

BamHI: Restriction enzyme BamHl; New England Biolabs, 32 Tozer Road, Beverly, MA, 01915, USA, or any 
other commercial supplier. 

30 Hygromycin B: Cytotoxin: Hygromycin B, purified; Cat No. 400050 Caibiochem Behring Diagnostica, La 
Jolla, CA 92037, USA, Lot No. 702296. 

GelRife GelRite Gelian Gum, Scott Laboratories Inc., Fiskersville, Rl 02823. 

PRIME TIME random primer kit or IBI Random primer kit: International Biotechnologies Inc., PO. Box 1565, 
New Haven, CT 07606, USA. (Catalog No. 77800; lot No. F630-01). 
35 GA7- container : Small sterile container (about 7x7x10 cm) made of translucent plastic with translucent lid; 
used to grow piantlets, shoot cultures, etc.. Supplier: Magenta Corp., 3800 N.Milwaukee Avenue, Chicago, 
IL, 60641 , USA. Can be replaced by any similar sterile translucent container (e.g. glass or plastic). 



40 


Conversion of micro Einstein into lux: 


UE 


lux 




0.1 - 200 


8-16 700 




0.1 - 100 


8 - 8 350 


45 


30-90 


2 500 - 7 500 


10 - 40 


830 - 3 330 




30 - 80 


2 500 - 6 670 



Depositions of plasmids in microorganisms or of plant cells: 
50 In connection with the present invention the following listed plasmids (in microorganisms) and plant 
cells were deposited in accordance with the requirements of the Budapest Treaty: 

( 1 ) Zea mays suspension cell culture 6-2717 CG of Funk 2717 is on deposit with American Type Culture 
Collection (ATCC), Rockville, USA, and has the ATGC accession number 40326 [ date of deposit: May 
20, 1987]. 

55 (2) Plasmid pCIB712 [in E. coli strain MC1061] is on deposit with ATCC and has the ATCC accession 
number 67407 [date of deposit: May 18, 1987]. 

(3) Plasmid pSCH1 [in E. coli strain K12] is on deposit with the Deutsche Sammlung von Mikroorganis- 
men (DMS) in Goettingen, Federal Republic of Germany, and has the DSM accession number 4129 
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[date of deposit: May 29, 1987]. 

(4) Piasmid pCIB10/35SBt [in E. coli strain MC1061] is on deposit with ATCC and has the ATCC 
accession number 67329 [date of deposit: February 27, 1987]. 

(5) Piasmid pE16/8-c4 [in E. coli strain HB101] is on deposit with ATCC and has the ATCC accession 
5 number 67420 [date of deposit: May 29, 1987]. 

(6) Piasmid pCIB10/19SBt [in E. coli strain HB 101] is on deposit with ATCC and has the ATCC 
accession number 67330 [date of deposit: February 27, 1987]. 

(PART A) REGENERATION OF CORN (ZEA MAYS) PLANTS FROM PROTOPLASTS 

70 

The callus used in this invention can originate from any tissue of Zea mays plants. The tissue is 
preferably immature tissue such as immature tassel, immature embryos, the basal portion of young leaves, 
and in principle any other tissue of Zea mays capable of forming callus. An especially useful tissue is the 
scutellum of immature Zea mays embryos. 

15 In principle, ail Zea mays genotypes (varieties, cultivars, inbred lines, hybrids, etc.) are useful in the 
present invention. Most valuable are genotypes of commercial interest. Preferred are all elite genotypes, 
especially all inbred lines, more preferred are elite inbred lines. Suitable inbred lines are, for example, Funk 
2717, Funk 21 1D, Funk 2N217A, B73, A632, CM105, B37, B84, B14, Mo17, R168, MS71, A188, FA91, A641 
and W117. Funk 5N984 and Funk 5N986 are further examples of useful Zea mays genotypes. Espesiaily 

20 preferred are the elite inbred lines Funk 2717, Funk 21 1D, Funk 5N984 or Funk 2N217A, arid most 
preferred is the elite genotype Funk 2717. 

In the description below, a method for producing embryogenic suspensions of Funk 2717, from which 
protoplasts can be isolated, and which are capable of regenerating fertile plants will be described. It should 
be understood that other corn genotypes may be used in the described method with, at most, routine 

25 modifications known to those skilled in the art. 

Step (a) Callus formation . 

Zea mays plants of genotype Funk 2717 are grown to flowering and pollinated, immature embryos are 

30 removed from the kernels and placed on an initiation medium. The embryos are typically between 1 and 4 
mm in length, preferably between 1.5 and 3 mm, and most preferably between 2 and 2.5 mm. The initiation 
medium may be liquid, or solidified. Any initiation medium capable of inducing callus may be used. Some 
suitable examples include, but are not limited to those based on MS medium [Murashige, T., and Skoog, F., 
Physiol. Plant. 15 , (1962) 473] N6 medium [Chu et al., Scientia Sinica 18 (1975) 659], B5 medium 

35 [Gamborg, O., et al., Exp. Ceil Res. , 50 (1968) 151], SH medium or KM medium, with appropriate 
concentrations of sugars and plant growth regulators. Other suitable combinations are described in ' Plant 
Culture Media ' George, E.F., et al. (eds), Exegetics Ltd., Edington, Westbury, Wiltshire, England (1987). 

The callus is removed from the cultured immature embryos and placed on maintenance medium. Any 
maintenance medium capable of sustaining callus proliferation may be used. Some suitable examples 

40 include but are not limited to those based on MS medium, N6 medium, B5 medium or KM medium, with 
appropriate concentrations of sugars and plant growth regulators. The material is subcultured to fresh 
maintenance medium at appropriate intervals, for example, every 1 to 120 days, preferably 3 to 21 days, 
and most preferably 5 to 14 days. Initiation and maintenance may be carried out in the light or dark, 
preferably in the dark. The temperature may be between 0°C and 50 °C, preferably betwen 20 "C and 

45 32 • C, most preferably between 25 • C and 28 * C. 

Subculturing is continued under the same conditions until the callus is a special type of callus. This 
special type of callus suitable for use in initiating suspensions in accordance with the invention is relatively 
non-mucilagenous, and is granular and friable. Figure 1 shows callus that is suitable for use in initiating 
embryogenic suspensions in accordance with the invention. The suitable callus is subcultured at appropriate 

50 intervals, for example, every 1 to 120 days, preferably, 3 to 21 days, most preferably 5 to 14 days. Said 
special type of callus that is capable of regenerating fertile Zea mays plants and from which protoplasts 
capable of being regenerated into fertile plants can be isolated represents one of the preferred embodi- 
ments of the present invention. 

Hence, the present invention relates to Zea mays callus which can produce suspension cultures from 

55 which plants, preferably fertile plants can be regenerated, and from which protoplasts capable of regenerat- 
ing plants, preferably fertile plants, can be regenerated. 

The present invention also relates to a method for producing a callus culture of Zea mays from which 
protoplasts can be isolated wherein the protoplasts are capable of being regenerated into fertile plants, 
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which method comprises the steps of: 

(a) cult uring tissue originated from Zea mays plants in a suitable medium capable of initiating callus 
and/or sustaining callus proliferation until a special type of callus being relatively non-mucilaginous, 
granular and friable can be identified, 
5 (b) selecting said special type of callus, and 

(c) growing said special type of callus on a suitable callus maintaining medium. 

Step (b) through (d) Suspension cultures . 

10 The special type of callus from step (a) is placed in a liquid medium to form a suspension of cells and 
cell aggregates. Some suitable examples of liquid media include but are not limited to those based on MS 
medium, N6 medium, B5 medium and KM medium, with appropriate concentrations of sugars and plant 
growth regulators. Preferably the medium is N6 medium. 

The cultures are subcultured with a frequency sufficient to maintain the ceils and cell aggregates in a 

75 viable and proliferating state, for example, every 1 to 120 days, preferably, 3 to 21 days, most preferably 5 
to 10 days. Cultures which contain aggregates of densely cytoplasmic, dividing cells are retained. Those 
with a high proportion of Expanded cells are discarded. The proportion of the cells which are densely 
cytoplasmic may increase with time; See figures 2 and 3. The desired type of suspension culture is one 
containing preferably a proportion of at least 50%, and more preferably at least 70% of the cells in 

20 aggregates of dense, cytoplasmic dividing cells. The desired type of suspension culture is obtained after a 
suitable period of time, usually after about 7 days, preferably after about 30 days. The temperature and light 
conditions are the same as those for step (a). The suspension culture has been deposited in the ATCC, 
Rockville, Maryland, USA, and has accession number 40326 [date of deposit: May 20, 1987]. 

Hence, the present invention provides a method for producing suspension cultures of Zea mays cells 

25 and cell aggregates from which protoplasts can be isolated, wherein the protoplasts are capable of 
regenerating fertile plants, comprising the steps of: 

(a) culturing tissue originated from Zea mays plants in a suitable medium capable of initiating callus 
and/or sustaining callus proliferation until a special type of callus being relatively non-mucilaginous, 
granular and friable can be identified, 

30 (b) selecting said special type of callus; 

(c) optionally subculturing said special type of callus on a suitable callus maintaining medium; 

(d) transferring said special type of callus to a liquid medium to form a suspension of cells or cell 
aggregates, 

(e) subculturing the suspension for a suitable period of time and with a frequency sufficient to maintain 
35 the cells and cell aggregates in a viable state, and 

(f) selecting and retaining those cultures from the product of step (e) that contain aggregates of densely 
cytoplasmatic, dividing cells. 

Protoplast isolation is carried out by incubating the callus or suspension culture cells and cell 
aggregates (obtained in accordance with steps (a) through (d) above) with an enzyme preparation which 
40 removes cell walls. Suitable enzyme preparations are known in the art. A particularly suitable enzyme 
preparation is, for example, a preparation containing 4% w/v RS cellulase (Yakult Pharmaceutical Ind. Co. 
Ltd., Shingikan Cho, Nishinomiya, Japan) with 1% w/v Rhozyme (Rohm and Haas, Philadelphia, PA, USA) 
in KMC salt solution (8.65 g/liter KCI; 12.5 g/liter CaCI 2 .2H 2 0; 16.47 g/liter MgSO*.7H 2 0; 5 g/liter MES; pH 
5.6) is suitable- The digestion is carried out between 0°C and 50 *C, preferably between 10*C and 35 °C, 
45 most preferably between 26 °C and 32 *C. The digestion is continued until protoplasts are released. The 
time required for digestion is typically between 30 minutes and 5 days, preferably between 1 hour and 1 
day, most preferably between 3 and 5 hours. 

Hence, the present invention is further directed to a method for producing Zea mays protoplasts 
capable of regenerating fertile plants, which method comprises the steps of: 
so (a) culturing tissue originated from Zea mays plants in a suitable medium capable of initiating callus 
and/or sustaining callus proliferation until a special type of callus being relatively non-mucilaginous, 
granular and friable can be identified, 

(b) selecting said special type of callus; 

(c) optionally subculturing said special type of callus on a suitable callus maintaining medium; and 

55 (d) transferring said special type of callus to a liquid medium to form a suspension of cells or cell 
aggregates, 

(e) subculturing the suspension for a suitable period of time and with a frequency sufficient to maintain 
the cells and cell aggregates in a viable state, and 
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(f) selecting and retaining those cultures from the product of step (e) that contain aggregates of densely 
cytoplasmatic, dividing cells; and 

(i) taking callus obtainable in accordance to steps (a) to (c) above; or 

(ii) taking cultures obtainable in accordance to steps (d) to (f) above, which cultures consist of 
aggregates of densly cytoplasmatic, dividing cells; and 

(iii) removing the cell walls with suitable enzyme preparations, and collecting and cleaning the 
resultant protoplasts. 

Step (e2) Treating the protoplasts with exogenous DNA . 

The protoplasts may be treated with exogenous DNA so as to produce cells that contain all or part of 
the exogenous DNA stably incorporated into their genetic material. Exogenous DNA is any DNA added to a 
protoplast. The exogenous DNA may contain a promoter active in Zea mays, or may utilize a promoter 
already present in the Zea mays genome. The exogenous DNA may be a chimeric gene, or a portion 
thereof. Treatment of the protoplasts with exogenous DNA can be carried out in accordance with the 
methods described in the following publications: (Paszkowski, J., et al. The EMBO Journal 3 , No.12 (1984) 
2717-2722; European Patent Application EP-0,1 64,575, (Paszkowski, J.,et al.); Shillito, ' R.D., et al 
Bio/Technoiogy, 3 (1985) 1099-1103; Potrykus, I., et al., Mol. Gen. Genet, 199 (1985) 183-188; Loe'rz, H et 
al " Mol- Gen. Genet., 199 (1985) 178-182; Fromm, M.E., et al., Nature, 319 (1986) 791-793; British Patent 
Application GB-2,140,822 (Mettler, I.J.); and Negrutiu, I., et al., Plant Mo). Biology, 8 (1987) 363-373]. These 
publications are incorporated by reference. 

The exogenous DNA may be added in any form such as, for example, naked linear or circular DNA, 
DNA encapsulated in liposomes, DNA in sphaeroplasts, DNA in other plant protoplasts, DNA complexed 
with salts, DNA in the form of nucleosomes, chromosomes or nuclei, or parts thereof, etc. Uptake of foreign 
DNA may be stimulated by any suitable method known in the art including the methods described in the 
references quoted above. 

Primarily, the chimeric genes contemplated in this invention are those which provide the transformed 
plant protoplasts, protoplast-derived tissues and finally the protoplast-derived plants with new phenotypic 
traits (valuable properties), such as increased resistance to pests (e.g., Arthropods including insects and 
mites, nematodes etc.); increased resistance to pathogens (e.g. to phytopathogenic fungi, bacteria, viruses, 
etc.); increased resistance to chemicals [e.g. to herbicides (such as triazines, carbamates, ureas,' 
dinitroanilides, sulfonylureas, imidazolinones, triazoio-pyrimidines, bialaphos, glyphosate, etc.), insecticides 
or other biocides]; increased resistance to cytotoxins (e.g. to hygromycin, kanamycin, chloramphenicol, 
etc.); increased resistance to adverse environmental (edaphic or atmospheric) influences (e.g. to heat, cold! 
wind, soil conditions, moisture, drought, etc.); with increased formation of desirable substances [for 
example, in the leaves, seeds, tubers, roots, stalks, etc.. Desirable substances produced by a genetically 
altered plant include proteins, starches, sugars, amino acids, alkaloids, flavors, colors, fats, etc.]; decreased 
formation of undesirable substances (e.g. toxins, protease inhibitors, undesirable flavors, undesirable 
proteins, fats, carbohydrates or secondary metabolites, etc.); or modified morphological or developmental 
phenotypic traits (e.g. altered height, growth habit, form, color, robustness, flowering time etc.). 

Resistance to cytotoxins may be conferred by a gene expressing in the plant cells an enzyme that 
detoxifies the cytotoxin, for example, neomycin phosphotransferase type II or aminoglycoside phosphotrans- 
ferase type IV for detoxification of kanamycin, hygromycin and other aminoglycoside antibiotics, or a 
glutathione-S-transferase or cytochrome P-450 or other catabolic enzyme known to detoxify triazine, 
sulfonylurea or other herbicides. Resistance to cytotoxins may also be conferred by a gene that expresses 
in a plant a form of a "target enzyme" (site of the action of the cytotoxin) which is resistant to the cytotoxin, 
for example, a form of acetohydroxyacid synthase which is insensitive to inhibition by sulfonylureas or 
imidazolinones, or other herbicide acting at this metabolic step, or a form of 5-eno!pyruvylshikimate-3- 
phosphate (EPSP) synthase that is insensitive to inhibition by glyphosate. It can be advantageous to 
express these altered target enzymes in a form that allows their transport in the plant cell into the correct 
cellular compartment, i.e. the chloroplast in the above examples. 

In certain cases it is advantageous to target the gene products into the mitochondria, the vacuoles, into 
endoplasmatic vesicles, or other cell parts or even into the intercellular (apoplastic) spaces. 

Resistance to certain classes of fungi may be conferred by the introduction of a gene that expresses 
chitinase in the plant tissues. Many plant pathogenic fungi contain chitin as an integral part of hyphaf and 
spore structure, including basidiomycetes (smuts and rusts) and ascomycetes and imperfect fungi (includ- 
ing Alternaria and Bipolaris, Exerohilum turcicum, Colletotricum, Gleocercospora and Cercospora). Chitinase 
can inhibit the growth of mycelia of certain pathogens in vitro. A plant leaf or root expressing chitinase is 
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protected against many types of fungal attack. 

Resistance to pests may be conferred by a gene encoding a pesticidal polypeptide. 

Resistance to Arthropods may, for example, be conferred by a gene encoding a polypeptide that is 

toxic to larval or imaginal stages, or makes the plant unattractive to the larvae so that they reduce their 
5 feeding. A suitable gene in this context is the crystalline protein of Bt A second class of protein which will 

confer insect resistance is protease inhibitors. Protease inhibitors are common constituents of plant storage 

structures [Ryan, C., Ann. Rev. Plant Physiol. 24 (1973) 173-196]. The inhibition of insect development has 

been attributed to the presence of trypsin inhibitors in the meal [Lipke, H„ Fraenkei, G.S. and Liener, I.E., J. 

Agr. Food Chem . 2 (1954) 410-414]. Purified Bowman-Birk protease inhibitor isolated from soybean has 
10 been shown to inhibit gut proteases of Tenebrio larvae [Birk, Y., Gertler, A., and Khalef, S., Biochem. 

Biophys. Acta 67 (1963) 326-328]. The gene encoding cowpea trypsin inhibitor is described by Hilder et at., 

[ Nature , 330 (1 987) 1 60-1 63]. 

A gene encoding a protease inhibitor may be placed under the control of a plant promoter, preferably a 

constitutive promoter such as the Cauliflower mosaic virus (CaMV) 35S promoter, in a suitable vector such 
15 as the pCIB 710 vector described below. 

The gene, for example the coding sequence for the soybean Bowman-Birk protease inhibitor, may be 

obtained using cDNA cloning methods described by Hammond et a]., [ J. Biol. Chem. 259 (1984) 9883-. 

9890]. The appropriate clone can be identified either by immunoprecipitation of hybrid selected mRNA as 

described by Hammond et al. or by probing at low stringency with a synthetic oligonucleotide containing 50 
20 or more bases from the 5* end of the coding sequence predicted from the amino acid sequence [amino 

acid sequences are compiled in Fasman, G., Handbook of Biochemistry and Molecular Biology , 2 (1976) 

611-620]. For example, for cloning the gene for soybean Kunitz trypsin inhibitor the following 

oligonucleotide is used as the probe: 

25 . • 

AA Asp Phe Val Leu Asp Asn Glu Gly Asn Pro Leu Glu Asn Gly 



probe 5' -GAC TTC GTT CTG GAC AAC GAA GGT AAC CCG CTG GAA AAC GGT 

30 



Gly Thr Tyr Tyr lie Leu Ser Asp lie Thr Ala Phe Gly Gly 

35 ' 

GGT ACC TAG TAC ATC CTG TCC GAC ATC ACC GCT TTC GGT GGT- 3 ' 



The cloned DNA fragment may be sequenced using, for example, the Maxam and Gilbert [ Methods 
40 Enzymol. 65 (1 980) 499-560] method and the translationai start site identified. If the cloned DNA fragment is 
longer than the coding sequence, the additional 5* and 3* sequences are resected with Bal 31. If the cloned 
DNA fragment is shorter than the coding sequence, the cloned DNA is used as the primer for primer 
extension with mRNA [Maniatis et al., Molecular Cloning: A Laboratory Manual , (1982), Coid Spring Harbor, 
N.Y.] and the extended DNA recloned. 
45 Appropriate linkers are added to the DNA encoding the protein and the fragment inserted into the 
chosen vector (cassette), for example pCIB 710, so that the gene is under the control of the desired 
promoter (CaMV 35S in pCIB 710). 

An alternative method of obtaining a gene for protease inhibitors with less than 100 amino acids, such 
as the lima bean trypsin inhibitor, is to synthesize it. The coding sequence is predicted by back-translation 
50 and restriction sites appropriate for the desired vector included at each end. The synthetic gene is prepared 
by synthesizing overlapping oligonucleotides of 30 to 60 bases. These fragments are kinased, ligated 
[Maniatis et al, supra] and cloned into the appropriate vector. 

A clone whose insert is in the correct orientation may be identified by sequencing. Plasmid DNA is 
isolated and used for incorporation into maize protoplasts. 
55 Hence, the present invention also provides a method wherein the method as described under step (a) 
through (g) further comprises the step of: 

(e2) treating the protoplasts of step (e1) capable of being regenerated into fertile plants, with exogenous 
DNA so as to produce cells that contain all or part of the exogenous DNA stably incorporated into their 
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genetic material. 

Zea mays protoplasts or protoplast-derived cells (after regeneration of the cell wall) cells capable of 
regenerating fertile plants, and especially Zea mays protoplasts and cells having stably incorporated 
exogenous DNA, preferably exogenous DNA expressible in Zea mays , are further preferred subjects of the 
s present invention. 

Especially preferred are Zea mays protoplasts or protoplast-derived cells (after regeneration of the cell 
wall) cells wherein the exogenous DNA, normally a chimeric gene, provides the transformed plant with a 
valuable property, such as increased resistance to pests (e.g., Arthropods including insects and mites, 
nematodes etc.); increased resistance to pathogens (e.g. to phytopathogenic fungi, bacteria, viruses, etc.); 

10 increased resistance to chemicals [e.g. to herbicides (such as thazines, carbamates, ureas, dinitroanilides, 
sulfonylureas, imidazoiinones, triazolo-pyrimidines, biaiaphos, glyphosate, etc.), insecticides or other bio- 
cides]; increased resistance to cytotoxins (e.g. to hygromycin, kanamycin, chloramphenicol, etc.); increased 
resistance to adverse environmental (edaphic or atmospheric) influences (e.g. to heat, cold, wind, soil 
conditions, moisture, drought, etc.); with increased formation of desirable substances [for example, in the 

15 leaves, seeds, tubers, roots, stalks, etc.. Desirable substances produced by a genetically altered plant 
include proteins, starches, sugars, amino acids, alkaloids, flavors, colors, fats, etc.]; decreased formation of 
undesirable substances (e.g. toxins, protease inhibitors, undesirable flavors, undesirable proteins, fats, 
carbohydrates or secondary metabolites, etc.); or modified morphological or developmental phenotypic 
traits (e.g. altered height, growth habit, form, color, robustness, flowering time etc.). 

20 Especially preferred within the transgenic Zea mays protoplasts or protoplast-derived cells are those 
protoplasts or cells wherein the stably incorporated exogenous DNA is a chimeric gene that codes for a 
polypeptide having substantially the insect toxicity properties (insecticidal activity) of a Bt crystal protein. 

Step (f) Plating the protoplasts . 

25 

The protoplasts are plated for culture either with or without treatment with DNA in a liquid or solidified 
culture medium. Some examples of suitable culture media include but are not limited to those based on KM 
medium, N6 medium, B5 medium and MS medium, with appropriate concentrations of sugars and plant 
growth regulators. The preferred medium is KM medium containing a solidifying agent. The preferred 
30 solidifying agent is agarose, especially SeaPlaque R agarose [European patent application EP-0, 129,668, 
Shillito, R.D., et al M (1984)]. Where used, the concentration of SeaPIaque R agarose may be between 0.1% 
and 2.5 %w/v, preferably between 0.6% and 1.5% w/v. The optimum concentration of other solidifying 
agents may vary, but can be easily determined. 

The medium in which the protoplasts are usually cultured in the presence of suitable plant growth 
35 regulators (such as auxins and/or cytokinins, etc.) to assist the protoplasts to divide and form colonies. 
Suitable plant growth regulators include but are not limited to 2,4-dichlorophenoxyacetic acid (2,4-D), 3,6- 
dichloro-2-methoxybenzoic acid (dicamba), 4-amino-3,6,6-trichloropicolinic acid (picloram), and para- 
chlorophenoxyacetic acid (pCPA). The amount of the growth regulator is a growth regulatingly effective non- 
toxic amount. The concentration of such plant growth regulators is usually in the range of 0.01 to 100 
40 mg/liter, preferably 0.1 to 100 mg/liter, more preferably 0.1 to 10 mg/Iiter, most preferably 0.3 to 3 mg/liter. 

Surprisingly, it has been found that O-loweralkanoyl-salicylic acids (O-acetyl-salicylic acid and its 
homologs) alone or in combination with plant growth regulators and/or DMSO promote division of, or colony 
formation from, plant protoplasts, preferably protoplasts of Zea mays . The term "loweralkanoyl" represents 
alkanoyl groups having 1-7, preferably 1-4, most preferably 2-3 carbon atoms. 
45 Preferred O-loweralkanoyl-salicylic acids are O-acetyl-salicylic acid and O-propionyl-salicylic acid, 
preferably O-acetyl-salicylic acid. 

The amount of the O-loweralkanoyl-salicylic acid is an amount sufficient to promote cell division or 
colony formation. It is preferably a growth regulatingly effective non-toxic amount. Suitable concentrations of 
the O-loweralkanoyl-salicylic acid are in the range of 0.1 to 3000 mg/liter, preferably in the range of 10 to 
50 300 mg/liter, more preferably 10 to 100 mg/liter, and most preferably about 100 mg/liter. 

The amount of DMSO is an amount sufficient to promote cell division or colony formation. Suitable 
concentrations of DMSO are in the range of 0 to 3%, preferably 0.01 to 2%, more preferably 0.1 to 1%. 

Hence, it was found within the scope of the present invention that division of, or colony formation from 
plant protoplasts, preferably Zea mays protoplasts, can be increased by culturing the protoplasts in the 
55 presence of a growth regulatingly effective non-toxic amount of a O-loweralkanoyl- -salicylic acid sufficient 
to promote cell division or colony formation. 

In a preferred embodiment of the present invention said method further comprises the presence of 0.01 
to 100 mg/liter, preferably 0.1 to 100 mg/liter, more preferably 0.1 to 10 mg/liter, most preferably 0.3 to 3 
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mg/liter of a plant growth regulator. 

In a further preferred embodiment of the present invention said method further comprises the presence 
of an amount of DMSO sufficient to promote cell division or colony formation. Preferred amounts of DMSO 
are between 0 and 3%, preferably 0.01 and 2%, preferably between 0.1 and 1%. 

This method for increasing division of, or colony formation from protoplasts is suitable for all plant 
protoplasts and not restricted to Zea mays . It is especially suitable for the Angiospermae, and Gymnosper- 
mae, for example, the following plant families; Solanaceae, Cruciferae, Compositae, Liliaceae, Vitaceae, 
Chenopodiaceae, Rutaceae, Bromeliaceae, Rubidiaceae, Theaceae, Musaceae or Graminaceae and of the 
order Leguminoseae, in particular of the family Papilionaceae. Preferred plants are representatives of the 
Solanaceae, Cruciferae and Gramineae. 

The medium in which the protoplasts are cultured may contain medium which has previously been 
conditioned by the growth of suitable cells, for example, Zea mays or Dactylis glomerata. 

The protoplasts may be cultured in the solid or the liquid medium without subculture for a period of up 
to 12 weeks, preferably up to 6 weeks, most preferably in the range of 3 to 4 weeks. Alternatively, a solid 
medium can be placed in liquid medium, as described in European patent application EP-0,1 29,668, Shillito, 
R.D., et al., (1984), or treated in some other manner to assist division of, and/or colony formation from, the 
protoplasts. One suitable manner is culture in association with nurse cells as described by Shneyour et al. 
[ Plant Science Lett., 33 (1984) 293] and Smith et al. [ Plant Science Lett., 36 (1984) 67], and in example 8s. 

The protoplasts are cultured in the light or, preferably, in the dark at a temperature between 0*C and 
50 'C, preferably between 20 *C and 32*0, most preferably between 25 fl C and 28 'C. The light intensity is 
typically between 0.1 and 200 uE/m 2 sec (micro Einsteins/m 2 second), preferably between 0.1 and 100 
M.E/m 2 sec, more preferably between 30 and 90 uE/m 2 sec, most preferably between 10 and 40 uE/m 2 sec. 

Figure 4 shows caili developing from protoplasts cultured in solid medium and Figure 5 shows callus 
derived from protoplasts according to step (f). This callus can be subcultured on maintenance medium, as 
described for callus in step (a), and then subcultured onto regeneration medium according to step (g), or 
can be directly subcultured onto regeneration medium according to step (g). 

Step (g) Regeneration of a plantlet . 

Callus which forms from protoplasts according to step (f) is subcultured one or more times on suitable 
media so as to regenerate a fertile plant. Some examples of suitable culture media include but are not 
limited to those based on N6 medium, B5 medium, MS medium, or KM medium with appropriate 
concentrations of sugars, plant growth regulators, and optionally DMSO. A preferred medium is N6 medium 
without growth regulators, or containing a cytokinin and/or other plant growth regulators stimulating the 
regeneration of plantlets and/or containing a O-loweralkanoyl-salicylic acid, optionally in further combination 
with DMSO, as described above in step (f). The callus appears to contain differentiated cells and cell 
aggregates (Figure 6) after a suitable period of time, typically 1 week to 6 months, more typically 1 to 3 
months. The callus differentiates further to form a plantlet after a suitable further period of time, typically 1 
week to 6 months, more typically 1 to 3 months. 

The callus is cultured at this stage in the light. The light intensity is typically between 0.1 and 100 
uE/m 2 sec, preferably between 30 and 80 uE/m 2 sec. 

Especially preferred is a method wherein the cells or the callus form embryos or proembryos before 
they regenerate plantlets. 

Step (h) Obtaining a fertile plant from a plantlet . 

Plantlets are transferred to a suitable medium, for example, N6 medium without plant growth regulators. 
Alternatively, a growth regulator stimulating root or shoot growth may be added. The plantlets are cultured 
on this medium until they form roots. The time required for root formation is typically, 1 to 6 weeks, more 
typically about 2 weeks. When the root and shoot have sufficiently grown, the plants are transferred to soil, 
and gently hardened off. A sufficient length for the roots at this stage is in the range of 1 to 10 cm, more 
typically 2 to 5 cm, and for the shoot is in the range of 1 to 15 cm, more typically 2 to 10 cm. 

The plants are grown to flowering and sexual progeny or vegative propagules obtained in the usual way. 

Transgenic corn plant cells containing exogenous DNA may be maintained in culture or may be 
regenerated into plants. Corn plant cells into which exogenous DNA may be introduced include any corn 
plant cell capable of accepting, replicating, and expressing foreign genes at a suitable level. Some suitable 
corn plant cells include, for example, cells isolated from the inbred lines Funk 5N984, Funk 5N986, Funk 
2717, Funk 21 1D, Funk 2N217A, B73, A632, CM105, B37, B84, B14, Mo17, R168, MS71, A188, FA91 , A641 
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and W117. Preferred are all elite genotypes. More preferred are all inbred lines. Most preferred are all elite 
inbred lines, especially the elite inbred lines Funk 5N984, Funk 5N986, Funk 2717, Funk 211 D or Funk 
2N217A, and most preferably Funk 2717, 

The culture medium capable of sustaining a particular plant cell in culture may depend on the genotype 
5 of corn plant cell used. For example, some suitable media include, but are not limited to those based on 
MS [Murashige and Skoog (1962) ]; N6 [Chu et a!. (1975)]; B5 [Gamborg et al (1968)]; and KM (Kao and 
Michayluk (1975) ] media with appropriate concentrations of sugars and plant growth regulators. 

Thus, the present invention provides a method for regenerating Zea mays plants from protoplasts 
comprising the steps of: 

10 (e1) producing protoplasts capable of being regenerated into fertile plants from the callus of step (c) or 
from cells, and cell aggregates of step (d), 

(f) plating the protoplasts in a suitable medium in which the protoplasts divide and form cells, 

(g) subculturing the cells resulting from step (f) so as to regenerate plantlets, and 

(h) culturing the plantlets on a growing medium to obtain fertile plants. 

75 Preferred is a method wherein the Zea mays protoplasts contain stably incorporated exogenous DNA, 

preferably exogenous DNA expressible in Zea mays plants. More preferred is a method wherein the Zea 
mays protoplasts are cultured in the presence of 0.01 to 100 mg/liter of a plant growth regulator (preferably 
2,4-D, dicamba, picloram or pCPA, most preferably 2,4-D) and in the presence of an amount of a O- 
loweralkanoyl-salicylic acid (preferably O-acetyi-salicylic acid or Opropionyl-salicylic acid, most preferably 

20 O-acetyl-salicylic acid) sufficient to promote cell division or colony formation. Most preferred is a method 
comprising further the presence of an amount of DMSO sufficient to promote cell division or colony 
formation. 

The present invention also provides a method for producing transgenic Zea mays protoplasts capable 
of being regenerated into fertile transgenic plants comprising treating Zea mays protoplasts capable of 

25 being regenerated into fertile plants with exogenous DNA so as to produce cells that contain all or part of 
the exogenous DNA incorporated in their genetic material. 

As a result of the method according to the present invention Zea mays plants and propagules thereof 
can be obtained from protoplasts or protoplast-derived cells. Preferred are those regenerated plants, 
propagules and progeny thereof having stably incorporated exogenous DNA, preferably exogenous DNA 

30 expressible in Zea mays . Suitable exogenous DNAs are, for example, the chimeric genes described 
previously or subsequently. The term "propagules" includes any plant material capable of being sexually or 
asexually propagated, or being propagated in-vivo or in-vitro. Such propagules preferably consist of the 
protoplasts, cells, calli, tissues, embryos or seeds of the regenerated plants. The progeny of the regener- 
ated plants and of the regenerated transgenic plants includes mutants and variants. 

35 

(PART B) INSECTICIDAL CORN (ZEA MAYS) PLANTS 

The present invention is directed to Zea mays protoplasts capable of regenerating into fertile plants 
having stably incorporated exogenous DNA, preferably a chimeric Bt toxin gene. The corn plant cells 

40 contemplated include cells from all genotypes (varieties, cultivars, inbred lines, hybrids, etc.) of corn plants 
into which foreign DNA can be introduced, replicated and expressed. Some examples of suitable corn plant 
genotypes include but are not restricted to inbred lines such as Funk 2717, Funk 21 1D, Funk 2N217A, B73, 
A632, CM105, B37, B84, B14, Mo17, R168, MS71 , A188, FA91, A641 and W117. Funk 5N984 and Funk 
5N986 are further examples of useful Zea mays genotypes. Preferably the genotype is an elite genotype, 

45 more preferably an elite inbred line selected from the group consisting of Funk 5N984, Funk 5N986, Funk 
2717, Funk 211D or Funk 2N217A, and most preferably it is the elite inbred line Funk 2717. 

The chimeric gene of this invention contains a promoter region that functions efficiently in corn plants 
and a coding region that codes for the crystal protein from Bt or for a polypeptide having substantially the 
insecticidal properties of the crystal protein from Bt. The coding sequence of the chimeric gene is not 

50 known to be associated with said promoter in natural genes. 

The 5 T and/or 3' untranslated regions may, independently, be associated in nature with either the 
promoter or the coding region, or with neither the promoter nor the coding region. Preferably, either the 5' 
or the 3' untranslated region is associated with the promoter in natural genes, and most preferably both the 
5' and 3* regions are associated with the promoter in natural genes. 

55 One could not predict, based on the state of the art at the time this invention was made, that corn cells 
would express an insecticidal polypeptide at any level, and especially at sufficient levels to impart 
insecticidal properties to the cells. In particular, a polypeptide as large and as insoluble as the polypeptide 
having the insect toxicity properties of Bt crystal protein was expected to be especially difficult to, express 
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in plant cells. 

In order to be considered insecticidal, the plant cells must contain an insecticidal amount of toxin having 
substantially the insecticidal activity of the crystal protein from Bt. An insecticidal amount is an amount 
which, when present in plant cells, kills insect larvae or at least reduces their feeding substantially. 

5 

Th e Gene 

The Transcript io n Control Sequences 

w The chimeric gene to be used in this invention contains transcription control sequences comprising 
promoter and 5' and 3' untranslated sequences that are functional in corn plants. These sequences may, 
independently, be derived from any source, such as, virus, plant or bacterial genes. 

The virus promoters and 5' and 3' untranslated sequences suitable for use are functional in corn plants 
and are obtained, for example, from plant viruses such as Cauliflower mosaic virus (CaMV). Cauliflower 

is mosaic virus has been characterized and described by Hohn et al in Current Topics in Microbiology and 
Immunology , 96, (1982) 194-220 and appendices A to G. This description is incorporated herein by 
reference. 

CaMV is an atypical plant virus in that it contains double-stranded DNA. At least two CaMV promoters 
are functional in plants, namely the 19S promoter, which results in transcription of gene VI of CaMV, and 

20 the promoter of the 35S transcript The 19S promoter and the 35S promoter are the preferred plant virus 
promoters for use in the present invention. 

CaMV 19S promoters and 5' untranslated regions may be obtained by means of a restriction map such 
is the map described in Figure 4 on page 199 of the Hohn et al article mentioned above, or from the 
sequence that appears in Appendix C of the Hohn et al article. 

25 In order to isolate the CaMV 19S promoter and, optionally, the adjacent 5' untranslated region, a 

restriction fragment of the CaMV genome containing the desired sequences is selected. A suitable 
restriction fragment that contains the 19S promoter and the 5' untranslated region is the fragment between 
the Pstl site starting it position 5386 and the Hindi II site starting at position 5850 of Figure 4 and appendix 
C of the Hohn et al article. 

30 By analogous methods, the 35S promoter from CaMV may be obtained, is is described in example 6 
below. 

Undesired nucleotides in the restriction fragment may optionally be removed by standard methods. 
Some suitable methods for deleting undesired nucleotides include the use of exonucleases [Miniatis et al, 
Molecular Cloning , Cold Spring Harbor Laboratory, (1982) 135-139] and oligonucleotide-directed 

35 mutagenesis [Zoller and Smit, Meth. Enzymol. , 100 (1983) 468-500]. 

A similar procedure may be used to obtain a desirable 3" untranslated region. For example, a suitable 
CaMV 19S gene 3* untranslated sequence may be obtained by isolating the region between the EcoRV site 
at position 7342 and the Bglll site at position 7643 of the CaMV genome as described in Figure 4 and 
appendix C of the Hohn et al article. 

40 Examples of plant gene promoters and 5' and 3' untranslated regions suitable for use in the present 
invention also include those of the gene coding for the small subunit of ribulose bisphosphate carboxylase 
and chlorophyll a/b-binding protein. These plant gene regions may be isolated from plant cells in ways 
comparable to those described above for isolating the corresponding regions from CaMV; see Morelli et al M 
Nature , 315 (1985) 200-204. 

45 Suitable promoters and 5' and 3 1 untranslated regions from bacterial genes include those present in the 
T-DNA region of Agrobacterium plasmids. Some examples of suitable Agrobacterium plasmids include the 
Ti plasmid of A. tumefaciens and the Ri plasmid of A. rhizogenes . The Agrobacterium promoters and 5' and 
3* untranslated regions useful in the present invention are, in particular, those present in the genes coding 
for octopine synthase and nopaline synthase. These sequences may be obtained by methods similar to 

50 those described above for isolating CaMV and plant promoters and untranslated sequences; see Bevan et 
al., Nature 304 (1983) 184-187. 

The Coding Region 

55 The coding region of the chimeric gene contains a nucleotide sequence that codes for a polypeptide 
having substantially the toxicity properties of a Bt delta-endotoxin crystal protein. A polypeptide, for the 
purpose of the present invention, has substantially the toxicity properties of Bt delta-endotoxin crystal 
protein if it is insecticidal to a similar range of insect larvae as is the crystal protein from a subspecies of Bt. 
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Some suitable subspecies include, for example, Bt var. kurstaki; Bt var. berliner; Bt var. alesti; Bt var. 
tolworthi; Bt var. sotto; Bt var, dandrolimus; Bt var. tenebrionis; Bt var. san diego; and Bt var. aizawai. The 
preferred subspecies is Bt var. kurstaki, and especially Bt var. kurstaki HDL 

The coding region may exist naturally in Bt. Alternatively, the coding region may contain a sequence 
5 that is different from the sequence that exists in Bt but is equivalent because of the degeneracy of the 
genetic code. 

The coding sequence of the chimeric gene may also code for a polypeptide that differs from a naturally 
occurring crystal protein delta-endotoxin but that still has substantially the insect toxicity properties of the 
crystal protein. Such a coding sequence will usually be a variant of a natural coding region. A "variant" of a 

w natural DNA sequence is a modified form of the natural sequence that performs the same function. The 
variant may be a mutation, or may be a synthetic DNA sequence, and is substantially homologous to the 
corresponding natural sequence. "Substantial sequence homology" should be understood as referring to 
either: a DNA fragment having a nucleotide sequence sufficiently similar to another DNA fragment to 
produce a protein having similar properties; or a polypeptide having an amino acid sequence sufficiently 

15 similar to another polypeptide to exhibit similar properties. Normally, a DNA sequence is substantially 
homologous to a second DNA sequence if at least 70%, preferably at least 80%, and most preferably at 
least 90% of the active portions of the DNA sequence are homologous. Two different nucleotides are 
considered to be homologous in a DNA sequence of a coding region for the purpose of determining 
substantial homology if the substitution of one for the other constitutes a silent mutation. 

20 Within the scope of the invention any chimeric gene may be used coding for a sequence of amino 
acids having the insecticida! properties satisfying the requirement disclosed and claimed. It is preferred that 
the nucleotide sequence is substantially homologous at least to that portion or to those portions of the 
natural sequence responsible for insecticidal activity. 

The polypeptide expressed by the chimeric gene of this invention will generally also share at least 

25 some immunological properties with a natural Bt crystal protein, since it has at least some of the same 
antigenic determinants. 

Accordingly, the polypeptide coded for by the chimeric gene of the present invention is preferably 
structurally related to the delta-endotoxin of the crystal protein produced by Bt. Bt produces a crystal 
protein with a subunit which is a protoxin having an Mr of about 130,000 to 140,000. This subunit can be 

30 cleaved by proteases or by alkali to form insecticidal fragments having an Mr as low as 50,000, and 
possibly even lower. Chimeric genes that code for such fragments of the protoxin or for even smaller 
portions thereof according to the present invention can be constructed as long as the fragment or portions 
of fragments have the requisite insecticidal activity. The protoxin, insecticidal fragments of the protoxin and 
insecticidal portions of these fragments can be fused to other molecules such as polypeptides. 

35 Coding regions suitable for use in the present invention may be obtained from crystal protein toxin 
genes isolated from Bt, for example, see Whiteley et al. t PCT application WO 86,01536 and U.S. patents 
4,448,885 and 4,467,036. A preferred sequence of nucleotides that codes for a crystal protein is that shown 
as nucleotides 156 to 3623 in the sequence of the formula (I) or a shorter sequence that codes for an 
insecticidal fragment of such a crystal protein; Geiser et al., Gene , 48 (1986) 109-118 [see the nucleotide 

40 sequence of the formula (I) in Figure 13]. 

The coding region defined by nucleotides 156 to 3623 of the sequence (I) encodes the polypeptide of 
the sequence of the formula (II). 
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SEQUENCE OF THE FORMULA (II) 
20 

Met Asp Asn Asn Pro Asn lie Asn Glu Cys He Pro Tyr Asn Cys Leu 
Set Asn Pro Glu 

40 

Val Glu Val Leu Gly Gly Glu Arg He Glu Thr Gly Tyr Thr Pro He 
Asp He Ser Leu 

60 

Ser Leu Thr Gin Phe Leu Leu Ser Glu Phe Val Pro Gly Ala Gly Phe 
Val Leu Gly Leu 

80 

Val Asp He lie Trp Gly He Phe Gly Pro Ser Gin Trp Asp Ala Phe 
Leu val Gin He 

100 

Glu Gin Leu lie Asn Gin Arg He Glu Glu Phe Ala Arg Asn Gin Ala 
lie Ser Arg Leu 

120 

Glu Gly Leu Ser Asn Leu Tyr Gin lie Tyr Ala Glu Ser Phe Arg Glu 
Trp Glu Ala Asp 

140 

Pro Thr Asn Pro Ala Leu Arg Glu Glu Met Arg lie Gin Phe Asn Asp 
Met Asn Ser Ala 

160 

Leu Thr Thr Ala He Pro Leu Phe Ala Val Gin Asn Tyr Gin Val Pro 
Leu Leu Ser Val 

180 

Tyr Val Gin Ala Ala Asn Leu His Leu Ser Val Leu Arg Asp Val Ser 
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Val Phe Gly Gin 

200 

Arg Trp Gly Phe Asp Ala Ala Thr lie Asn Ser Arg Tyr Asn Asp Leu 
Thr Arg Leu lie 

220 

Gly Asn Tyr Thr Asp His Ala Val Arg Trp Tyr Asn Thr Gly Leu Glu 
Arg Val Trp Gly 

240 

Pro Asp Ser Arg Asp Trp lie Arg Tyr Asn Gin Phe Arg Arg Glu Leu 
Thr Leu Thr Val 

260 

Leu Asp lie Val Ser Leu Phe Pro Asn Tyr Asp Ser Arg Thr Tyr Pro 
lie Arg Thr Val 

280 

Ser Gin Leu Thr Arg Glu lie Tyr Thr Asn Pro Val Leu Glu Asn Phe 
Asp Gly Ser Phe 

300 

Arg Gly Ser Ala Gin Gly lie Glu Gly Ser lie Arg Ser Pro His Leu 
Met Asp lie Leu 

320 

Asn Ser lie Thr He Tyr Thr Asp Ala His Arg Gly Glu Tyr Tyr Trp 
Ser Gly His Gin 

340 

He Met Ala Ser Pro Val Gly Phe Ser Gly Pro Glu Phe Thr Phe Pro 
Leu Tyr Gly Thr 

360 

Met Gly Asn Ala Ala Pro Gin Gin Arg He Val Ala Gin Leu Gly Gin 
Gly Val Tyr Arg 

380 

Thr Leu Ser Ser Thr Leu Tyr Arg Arg Pro Phe Asn He Gly He Asn 
Asn Gin Gin Leu 

400 

Ser Val Leu Asp Gly Thr Glu Phe Ala Tyr Gly Thr Ser Ser Asn Leu 
Pro Ser Ala Val 

420 

Tyr Arg Lys Ser Gly Thr Val Asp Ser Leu Asp Glu He Pro Pro Gin 
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Asn Asn Asn Val 

440 

Pro Pro Arg Gin Gly Phe Ser His Arg Leu Ser His Val Set Met Phe 
Arg Ser Gly Phe 

460 

Ser Asn Ser Ser Val Ser He He Arg Ala Pro Met Phe Ser Trp He 
His Arg Ser Ala 

480 

Glu Phe Asn Asn He He Pro Ser Ser Gin He Thr Gin lie Pro Leu 
Thr Lys Ser Thr 

500 

Asn Leu Gly Ser Gly Thr Ser Val Val Lys Gly Pro Gly, Phe Thr Gly 
Gly Asp He Leu 

520 

Arg Arg Thr Ser Pro Gly Gin He Ser Thr Leu Arg Val Asn He Thr 
Ala Pro Leu Ser 

540 

Gin Arg Tyr Arg Val Arg He Arg Tyr Ala Ser Thr Thr Asn Leu Gin 
Phe His Thr Ser 

560 

He Asp Gly Arg Pro lie Asn Gin Gly Asn Phe Ser Ala Thr Met Ser 
Ser Gly Ser Asn 

580 

Leu Gin Ser Gly Ser Phe Arg Thr Val Gly Phe Thr Thr Pro Phe Asn 
Phe Ser Asn Gly 

600 

Ser Ser Val Phe Thr Leu Ser Ala His Val Phe Asn Ser Gly Asn Glu 
Val Tyr He Asp 

620 

Arg lie Glu Phe Val Pro Ala Glu Val Thr phe Glu Ala Glu Tyr Asp 
Leu Glu Arg Ala 

640 

Gin Lys Ala- Val Asn Glu Leu Phe Thr Ser Ser Asn Gin He Gly Leu 
l*ys Thr Asp val 

660 

Thr Asp Tyr His lie Asp Gin Val Ser Asn Leu Val Glu Cys Leu Ser 
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Asp Glu Phe Cys 

680 

Leu Asp Glu Lys Lys Glu Leu Ser Glu Lys Val Lys His Ala Lys Arg 
Leu Ser Asp Glu 

700 

Arg Asn Leu Leu Gin Asp Pro Asn Phe Arg Gly lie Asn Arg Gin Leu 
Asp Arg Gly Trp 

720 

Arg Gly Ser Thr Asp He Thr He Gin Gly Gly Asp Asp Val Phe Lys 
Glu Asn Tyr Val 

740 

Thr Leu Leu Gly Thr Phe Asp Glu Cys Tyr Pro Thr Tyr Leu Tyr Gin 
Lys He Asp Glu 

760 

Ser Lys Leu Lys Ala Tyr Thr Arg Tyr Gin Leu Arg Gly Tyr He Glu 
Asp Ser Gin Asp 

780 

Leu Glu He Tyr Leu He Arg Tyr Asn Ala Lys His Glu Thr Val Asn 
Val Pro Gly Thr 

800 

Gly Ser Leu Trp Pro Leu Ser Ala Pro Ser Pro He Gly Lys Cys Ala 
His His Ser His 

820 

His Phe Ser Leu Asp lie Asp Val Gly Cys Thr Asp Leu Asn Glu Asp 
Leu Gly Val Trp 

840 

Val He Phe Lys He Lys Thr Gin Asp Gly His Ala Arg Leu Gly Asn 
Leu Glu Phe Leu 

860 

Glu Glu Lys Pro Leu Val Gly Glu Ala Leu Ala Arg Val Lys Arg Ala 
Glu Lys Lys Trp 

880 

Arg Asp Lys Arg Glu Lys Leu Glu Trp Glu Thr Asn lie Val Tyr Lys 
Glu Ala Lys Glu 

900 

Ser Val Asp Ala Leu Phe Val Asn Ser Gin Tyr Asp Arg Leu Gin Ala 



24 



EP 0 292 435 B1 



Asp Thr Asn lie 

920 

Ala Met lie His Ala Ala Asp Lys Arg Val His Ser lie Arg Glu Ala 
Tyr Leu Pro Glu 

940 

Leu Ser Val He Pro Gly Val Asn Ala Ala He Phe Glu Glu Leu Glu 
Gly Arg He Phe 

960 

Thr Ala Phe Ser Leu Tyr Asp Ala Arg Asn Val He Lys Asn Gly Asp 
Phe Asn Asn Gly 

980 

Leu Ser Cys Trp Asn Val Lys Gly His Val Asp Val Glu Glu Gin Asn 
Asn His Arg Ser 

1000 

Val Leu Val Val Pro Glu Trp Glu Ala Glu Val Ser Gin Glu Val Arg 
Val Cys Pro Gly 

1020 

Arg Gly Tyr He Leu Arg Val Thr Ala Tyr Lys Glu Gly Tyr Gly Glu 
Gly Cys Val Thr 

1040 

He His Glu He Glu Asn Asn Thr Asp Glu Leu Lys Phe Ser Asn Cys 
Val Glu Glu Glu 

1060 

Val Tyr Pro Asn Asn Thr val Thr cys Asn Asp Tyr Thr Ala Thr Gin 
Glu Glu Tyr Glu 

1080 

Gly Thr Tyr Thr Ser Arg Asn Arg Gly Tyr Asp Gly Ala Tyr Glu Ser 
Asn Ser Ser Val 

1100 

Pro Ala Asp Tyr Ala Ser Ala Tyr Glu Glu Lys Ala Tyr Thr Asp Gly 
Arg Arg Asp Asn 

1120 

Pro Cys Glu Ser Asn Arg Gly Tyr Gly Asp Tyr Thr Pro Leu Pro Ala 
Gly Tyr Val Thr 

1140 

Lys Glu Leu Glu Tyr Phe Pro Glu Thr Asp Lys Val Trp He Glu He 



Gly Glu Thr Glu 

1156 

Gly Thr Phe He Val Asp Ser Val Glu Leu Leu Leu Met Glu Glu End 
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Furthermore, it has been shown that some Bt strains are toxic to other than lepidopteran insects. 
Specificaily the Bt var. tenebrionis is toxic to coleopteran insects. The toxicity of Bt strain san diego toward 
coleopteran insects and the sequence of the associated toxin gene is discussed by Herrnstadt and Soares 
in EP-0,202,739 and EP-0,213,818. 

5 

Vectors 

In order to introduce the chimeric gene of the present invention into plant cells, the gene is first inserted 
into a vector. If the gene is not available in an amount sufficient for transformation, the vector may be 
w amplified by replication in a host cell. The most convenient host cells for amplification are bacterial or yeast 
cells. When a sufficient amount of the chimeric gene is available, it is introduced into corn protoplasts 
according to the present invention. The introduction of the gene into corn plants may be by means of the 
same vector used for replication, or by means of a different vector. 

Some examples of bacterial host cell suitable for replicating the chimeric gene include those of the 
15 genus Escherishia such as E. coli and Agro bacterium such as A. tumefaciens or A. rhizogenes. Methods of 
cloning heterologous genes in bacteria are described by Cohen et al, U.S. patents 4,237,224 and 4,468,464. 

The replication of genes coding for the crystal protein of Bt in E. Coli is described in Wong et al., J. 
Biol. Chem. 258 (1 983) 1 960-1 967. 

Some examples of yeast host cells suitable for replicating the genes of this invention include those of 
20 the genus Saccharomyces. 

Any vector into which the chimeric gene can be inserted and which replicates in a suitable host cell, 
such as in bacteria or yeast, may be used to amplify the genes of this invention. The vector may, for 
example, be derived from a phage or a plasmid. Some examples of vectors derived from phages useful in 
the invention include those derived from M13 and from lambda. Some suitable vectors derived from M13 
25 include M13mp18 and M13mp19. Some suitable vectors derived from lambda include lambda-gtll, lambda- 
gt7 and lambda Charon 4. 

Some vectors derived from plasmids especially suitable for replication in bacteria include pBR322 
[Bolivar et al., Gene 2 (1977) 95-113]; pUC18 and pUC19 [Narrander et al., Gene , 26 (1983) 101-104]; and 
Ti plasmids [Bevan et al. Nature 304 (1983) 184-187]. The preferred vectors for amplifying the genes in 
30 bacteria are pBR322, pUC18 and p(JCl9. 

Construction of Vectors for Replication 

In order to construct a chimeric gene suitable for replication in bacteria, a promoter sequence, a 5' 
35 untranslated sequence, a coding sequence and a 3' untranslated sequence are inserted into or are 
assembled in the proper order in a suitable vector, such as a vector described above. In order to be 
suitable, the vector must be able to replicate in the host cell. 

The promoter, 5' untranslated region, coding region and 3* untranslated region, which comprise the 
chimeric gene of the described hereinbefore may first be combined in one unit outside the vector, and then 
40 inserted into the vector, Alternatively, portions of the chimeric gene may be inserted into the vector 
separately. The vector preferably also contains a gene that confers a trait on the host cell permitting the 
selection of cells containing the vector. A preferred trait is antibiotic resistance. Some examples of useful 
antibiotics include ampicillin, tetracycline, hygromycin, G418 and neomycin. 

Insertion or assembly of the gene in the vector is accomplished by standard methods such as the use 
45 of recombinant DNA [Maniatis, et ai„ (1982)] and homologous recombination [Hinnen et al., Proc. Natl. 
Acad. Sci. 75 (1 978) 1 929-1 933]. 

Using known recombinant DNA methods, the vector is cut, the desired DNA sequence is inserted 
between the cut pieces of the vector, and the ends of the desired DNA sequence are ligated to the 
corresponding ends of the vector. 
so The vector is most conveniently cut by means of suitable restriction endonucleases. Some suitable 
restriction endonucleases include those which form blunt ends, such as Smal, Hpal and EcoRV, and those 
which form cohesive ends, such as EcoRI, Sad and BamHI. 

The desired DNA sequence normally exists as part of a larger DNA molecule such as a chromosome, 
plasmid, transposon or phage. The desired DNA sequence is excised from its source, and optionally 
55 modified so that the ends can be joined to the ends of the cut vector. If the ends of the desired DNA 
sequence and of the cut vector are blunt ends, they are joined by blunt end ligases such as T4 DNA ligase. 

The ends of the desired DNA sequence may also be joined to the ends of the cut vector in the form of 
cohesive ends, in which case a cohesive end ligase, which may also be T4 DNA ligase is used. Other 
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suitable cohesive end ligases include, for example, E. coli DNA ligase. 

Cohesive ends are most conveniently formed by cutting the desired DNA sequence and the vector with 
the same restriction endonuclease. In such a case, the desired DNA sequence and the cut vector have 
cohesive ends that are complementary to each other, 
s The cohesive ends may also be constructed by adding complementary homopolymer tails to the ends 

of the desired DNA sequence and to the cut vector using terminal deoxynucleotidyl transferase, or by 
adding a synthetic oligonucleotide sequence recognized by a particular restriction endonuclease, known as 
a linker, and cleaving the sequence with the endonuclease; see, for example, Maniatis et al., (1982). 

10 Construction of Vectors for Transformation of Plants 

In addition to the chimeric gene coding for a Bt toxin or a Bt-like toxin, the vectors preferably further 
comprise a DNA sequence that permits the selection or screening of corn plant cells containing the vector 
in the presence of cells that do not contain the vector. Such selectable or screenable markers may naturally 

75 be present in the vector into which the chimeric gene of this invention is introduced, or may be introduced 
into the vector either before or after the chimeric gene is introduced. Alternatively, the selectable or 
screenable marker gene or a portion thereof may first be joined to the desired chimeric gene or any portion 
thereof and the recombined genes or gene segments may be introduced as a unit into the vector. The 
selectable or screenable marker may itself be chimeric, 

20 A preferred selectable marker is a gene coding for antibiotic resistance. The gene must be capable of 
expression in the cells to be transformed. The cells can be cultured in a medium containing the antibiotic, 
and those cells containing the vector, which have an enhanced ability to survive in the medium, are 
selected. Genes that confer resistance to corn toxins such as hygromycin or G418 may be useful as a 
selectable marker. 

25 Some examples of genes that confer antibiotic resistance include, for example, neomycin phosphotrans- 
ferase [kanamycin and G418 resistance, Velten et al. EMBO J. 3 (1984) 2723-2730]; hygromycin 
phosphotransferase [hygromycin resistance, van den Elzen et al., Plant Molec. Biol ., 5 (1985) 299-302]. 

Preferred vectors for transforming corn plants comprise a CaMV 35S promoter functionally joined to a 
Bt toxin coding region and a CaMV 35S promoter functionally joined to a selectable marker gene such as 

30 G418 resistance and hygromycin resistance. Examples of such vectors are pCIB710/35S (G418 resistance) 
and pIRV (hygromycin resistance) as described below. 

The present invention also includes protoplasts of Zea mays plants capable of being regenerated into 
fertile corn plants which contain the chimeric gene that expresses a BT crystal toxin or a polypeptide having 
substantially the insect toxicity properties of Bt crystal toxin. 

35 

Insecticides 

The plant cells of this invention contain the chimeric gene and may be used to produce the polypeptide 
having substantially the insect toxicity properties of a Bt crystal protein. The plant cells per se may 
40 constitute the insecticide. Plant cells used directly as insecticides may be cultured plant cells, or may be 
components of a living plant. 

The toxin may also be isolated from the plant cells by known methods, for example, by extraction or 
chromatography. The extract may be the total plant cell extract, a partially purified extract, or a pure 
preparation of the polypeptide: Any such extract or chromatographic isolate may be used in the same way 
45 as crystal protein from Bt; see, for example, Deacon, Aspects of Microbiology , 7 (1983) Cole et al., ed, 
American Society for Microbiology and Miller et al., Science 219 (1983) 715. 

The insecticidal cells obtainable by a method according to the present invention are toxic to lepidop- 
teran insects that attack corn cells and plants, such as the com earworm ( Heliothis zea ) and the European 
corn borer (Ostrinia nubilalis ). Furthermore, cells of corn bearing the crystal toxin gene of Bt var. tenebrionis 
so are toxic to coleopteran insect pests. Important insect pests belonging to the order Coleoptera are, for 
example, the Colorado potato beetle, boll weevil, and corn root worm. 

Hence, the present invention describes a method for producing in Zea mays a polypeptide having 
substantially the insect toxicity properties of a Bacillus thuringensis crystal protein, which method com- 
prises: 

55 (a) introducing into Zea mays cells a gene coding for a polypeptide having substantially the insect 
toxicity properties of a Bt crystal protein wherein the promoter, 5' untranslated region, and optionally, the 
3' untranslated region of the gene are derived from plant or plant virus gene, and 
(b) expressing the polypeptide. 
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The present invention also describes a method of controlling insect larvae comprising feeding the larvae 
an insecticidal amount of transgenic Zea mays cells containing a gene coding for a Bacillus thuringiensis 
crystal toxin or a polypeptide having substantially the insect toxicity properties of a Bacillus thuringiensis 
crystal protein. 

s The present invention also describes a method for killing or controlling Lepidopteran larvae comprising 

feeding the larvae an insecticidal amount of transgenic corn plant cells that contain the chimeric gene of the 
invention. The plant cells may be cultured plant cells, or may be components of living plants. Furthermore, 
the present invention also includes a method for killing Coleopteran larvae by feeding them an insecticidal 
amount of cells containing the chimeric gene having the coding sequence of the Bt var. tenebrionis crystal 

70 toxin or insecticidal parts thereof. 

The present invention further describes corn seeds of plants genetically engineered in accordance with 
this invention as long as the seeds contain the inserted chimeric gene and the desirable trait resulting 
therefrom. Also disclosed is the progeny of plants produced by the method of this invention, including 
sexual and vegetative progeny. Sexual progeny may result from selfing or cross pollination. 

UTILITY 

The method of the present invention permits protoplasts of Zea mays to be regenerated into fertile 
plants. This possibility enables one to introduce exogenous DNA (for example, a gene coding for a Bt 

20 crystal protein) stably into the genome of such plants, and to alter their phenotype. In addition, the 
protoplasts can be fused with protoplasts from the same or another species, in order to produce novel 
combinations of nuclear DNA, or novel combinations of nuclear and organelle DNA. This latter possiblity 
permits one, for example, to construct new male sterile plants for breeding purposes. Moreover, the 
protoplasts can be used as a source of clonal material, on which mutagenesis and/or selection for a desired 

25 phenotype can be carried out. Examples of desired phenotypes are for example, increased resistance to 
phytotoxic chemicals, to pathogens, to pests, to adverse environmental conditions, modifified morphological 
or developmental properties, and altered contents of metabolic substances. 

EXAMPLES 

30 

Example 1a: Preparation of a special type of callus of Zea mays, genotype Funk 2717 . 

Zea mays plants of genotype Funk 2717 are grown to flowering in the greenhouse, and pollinated with 
pollen from the same genotype. Immature cobs containing embryos 1.5 to 2.5 mm in length are removed 

35 from the plants and sterilized in 10% Clorox R solution for 20 minutes. Embryos are removed from the 
kernels and placed with the embryo axis downwards on Murashige and Skoog medium [ Physiol. Plant, 15 - 
(1962) 473-497] containing 0.1 mg/liter 2,4-D, 6% w/v sucrose and 25 mM L-proline solidified with 0.24% 
w/v Gelrite R (initiation medium). After two weeks' culture in the dark at 27 °C, the callus developing on the 
scutellum is removed from the embryo and placed on B5 medium (0.5 mg/liter 2,4-D) solidified with 

40 Gelrite R . The material is subcultured every 2 weeks to fresh medium. After about 8 weeks from placing the 
embryos on the initiation medium, the special type of callus is identified by its characteristic morphology. 
This callus is subcultured further on the same medium. After a further period of 2 months, the callus is 
transferred to, and serially subcultured on, N6 medium containing 2 mg/liter 2,4-D and solidified with 
Gelrite R . 

45 

Example 1b: Preparation of a special type of callus of Zea mays, genotype Funk 5N984. 

Zea mays plants of genotype Funk 5N984 are grown to flowering in the greenhouse, and pollinated with 
pollen from the same genotype. Immature cobs containing embryos 1.5 to 2.5 mm in length are removed 

50 from the plants and sterilized in 15% Clorox R solution for 15 minutes. Embryos are removed from the 
kernels and placed with the embryo axis downwards on the medium of Schenk and Hildebrandt [ Can. J. 
Bot., 50 (1972) 199-204] containing 1.0 mg/liter 2,4-D, 2% w/v sucrose, 100 mg/liter casein hydrolysate, 100 
mg/liter myo-inositol and 25 mM L-proline solidified with 0.8% w/v Phytagar R (initiation medium). After two 
weeks' culture in the dark at 27 °C, a preferred callus is recognized by the presence of well formed 

55 globular, somatic embryos developing on the scutellum of certain explants. These calli are removed and 
placed either on B5 medium (0.5 mg/liter 2,4-D plus 2% w/v sucrose, 1 00 mg/liter casein hydrolysate, 1 00 
mg/liter myo-inositol and 25 mM L-proline) or Schenk and Hildebrandt medium (as described above). The 
material is subcultured every 2 weeks to fresh medium. After a minimum of 8 weeks from placing the 
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embryos on the initiation medium, the special type of callus is identified by its characteristic morphology. 
The special type of callus may be subcultured further on the same medium but, preferably, is transferred 
to, and serially subcultured on, N6 medium containing 2 mg/liter 2,4-D and solidified with 0.24% w/v 
Gelrite R . Embryogenic suspension cultures can be established from these callus cultures by the method 
5 outlined in example 2. 

Example 2: Preparation of a suspension of Zea mays genotype Funk 2717 . 

The callus described in example 1a remains in culture for a total of at least 6 months. The type of 
70 callus chosen for subculture is relatively non-mucilaginous, and is granular and very friable such that it 
separates into individual cell aggregates on placing into liquid medium. Cultures containing aggregates with 
large, expanded cells are not retained. 

Approximately 500 mg aliquots of the special callus of Zea mays described in step (a) above, of the 
elite genotype Funk 2717, are placed into 30 ml of N6 medium containing 2 mg/liter 2,4-D in 125 ml delong 
75 flasks. After 1 week of culture at 26 'C in the dark on a gyratory shaker, (130 rpm, 2.5 cm throw) the 
medium is replaced with fresh medium. The suspensions are subcultured in this way again after another 
week. 

At this time, the cultures are inspected, and those which do not show large numbers of expanded cells 
are retained. Suspension cultures containing aggregates with large, expanded cells are discarded. The 

20 preferred tissue consists of densely cytoplasmic dividing cell aggregates which have a characteristically 
smoother surface than most of the cell aggregates. The cultures retained have at least 50% of the cells 
represented in these small aggregates. This is the desired morphology. These suspensions also have a 
rapid growth rate, with a doubling time of less than 1 week. The suspension cultures are subcultured weekly 
by transferring 0.5 ml packed cell volume (PCV: settled cell volume in a pipette) into 25 ml of fresh 

25 medium. After 4 to 6 weeks of subculture in this fashion, the cultures increase 2 to 3 fold per weekly 
subculture. Cultures in which >75% of the cells are of the desired morphology are retained for further 
subculture. The cultures are maintained by always choosing for subculture the flask whose contents exhibit 
the best morphology. Periodic filtration through 630 micrometer pore size stainless steel sieves (every 2 
weeks) are used in some cases to increase the dispersion of the cultures, but is not necessary. 

30 Zea mays suspension culture 6-271 7-CG (Funk 2717) is on deposit with ATCC, accession number 
40326, This deposition was made in accordance with the Budapest Treaty [date of deposit: May 20, 1987]. 

Example 3: Preparation of protoplasts from suspension cultures of Zea mays . 

35 1 to 1.5 ml PCV of the suspension culture cells prepared as in example 2 are incubated in 10 to 15 ml 
of a mixture consisting of 4% w/v RS cellulase with 1% w/v Rhozyme in KMC (8.65 g/liter KCI, 16.47 g/liter 
MgCI 2 .6H 2 0 and 12.5 g/liter CaGI 2 .2H 2 0, 5 g/liter MES pH 5.6.) salt solution. Digestion is carried out at 
30 °C on a rocking table, for a period of 3 to 4 hours. The preparation is monitored under an inverted 
microscope for protoplast release. 

40 The protoplasts which are released are collected as follows: The preparation is filtered through a 100 
um mesh sieve, followed by a 50 urn mesh sieve. The protoplasts are washed through the sieves with a 
volume of KMC salt solution equal to the original volume of enzyme solution. 10ml of the protoplast 
preparation is placed in each of several plastic disposable centrifuge tubes, and 1.5 to 2 ml of 0.6 M 
sucrose solution (buffered to pH 5.6 with 0.1% w/v morpholino-ethane sulfonic acid [MES] and KOH) 

45 layered underneath. The tube is centrifuged at 60 to 100 g for 10 minutes, and the protoplasts banding at 
the interface collected and placed in a fresh tube. 

The protoplast preparation is resuspended in 10 ml of fresh KMC salt solution, and centrifuged for 5 
minutes at 60 to 100 g. The supernatant is removed and discarded, and the protoplasts resuspended gently 
in the drop remaining, and then 10 ml of a 13/14 strength KMC solution added gradually. After centrifuging 

50 again for 5 minutes., the supernatant is again removed and the protoplasts resuspended in a 6/7 strength 
KMC solution. An aliquot is taken for counting, and the protoplasts sedimented again by centrifugation. The 
protoplasts are resuspended at 10 7 per ml in KM medium (table 1), or in mannitol solution having the same 
osmolality as the KM medium and containing 6 mM MgCI 2 , or any other suitable medium for use in 
transformation as described in the following examples. This protoplast suspension is used for culture as 

55 described in Example 8a, or where performed, for transformation of the protoplasts as described in 
Examples 8 and 9. 
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Example 4: General Recombinant DNA Techniques 

Since many of the recombinant DNA techniques used in this invention are routine for those skilled in 
the art, a brief description of these commonly used techniques is included here rather than at each instance 
5 where they appear below. Except where noted, all of these routine procedures are described in the 
reference by Maniatis et al., (1982). 

A. Restriction endonuclease digestions . 

iq Typically, DNA is present in the reaction mixture at approximately 50-500ug/ml in the buffer solution 
recommended by the manufacturer, New England Biolabs, Beverly, MA., 2-5 units of restriction en- 
donucieases are added for each ug of DNA, and the reaction mixture incubated at the temperature 
recommended by the manufacturer for one to three hours. The reaction is terminated by heating to 65 *C 
for ten minutes or by extraction with phenol, followed by precipitation of the DNA with ethanol. This 

75 technique is also described on pages 104-106 of the Maniatis et al reference. 

B. Treatment of DNA with polymerase to create flush ends . 

DNA fragments are added to a reaction mixture at 50-500 ug/ml in the buffer recommended by the 
20 manufacturer, New England Biolabs. The reaction mixture contains all four deoxynucleotide triphosphates at 
a concentration of 0.2 mM. The reaction is incubated at 15 *C for 30 minutes, and then terminated by 
heating to 65 *C for ten minutes. For fragments produced by digestion with restriction endonucleases that 
create 5'-protruding ends, such as EcoRI and Bam HI, the large fragment, or Klenow fragment, of DNA 
polymerase is used. For fragments produced by endonucleases that produce 3'-protruding ends, such as 
25 Pstl and Sacl, T4 DNA polymerase is used. Use of these two enzymes is described on pages 113-121 of 
the Maniatis et al reference. 

C. Agarose gel electrophoresis and purification of DNA fragments from gels . 

30 Agarose gel electrophoresis is performed in a horizontal apparatus as described on pages 150-163 of 
Maniatis et al reference. The buffer used is the Tris-borate buffer described therein. DNA fragments are 
visualized by staining with 0.5 ug/ml ethidium bromide, which is either present in the gel and tank buffer 
during electrophoresis or added following electrophoresis. DNA is visualized by illumination with short- 
wavelength or long-wavelength ultraviolet light. When the fragments are to be isolated from the gel, the 

35 agarose used is the low gelling-temperature variety, obtained from Sigma Chemical, St. Louis, Missouri. 
After electrophoresis, the desired fragment is excised, placed in a plastic tube, heated to 65 *C for 
approximately 1 5 minutes, then extracted with phenol three times and precipitated with ethanol twice. This 
procedure is slightly modified from that described in the Maniatis et a! reference at page 170. 

40 D. Addition of synthetic linker fragments to DNA ends . 

When it is desired to add a new restriction endonuclease site to the end of a DNA molecule, that 
molecule is first treated with DNA polymerase to create flush ends, if necessary, as described in the section 
above. Approximately 0.1 to 1.0 \xg of this fragment is added to approximately 100 ng of phosphorylated 

45 linker DNA, obtained from New England Biolabs, in a volume of 20 to 30 u,l containing 2 \i\ of T4 DNA 
ligase, from New England Biolabs, and 1 mM ATP in the buffer recommended by the manufacturer. After 
incubation overnight at 15 °C, the reaction is terminated by heating the mixture at 65 'C for ten minutes. 
The reaction mixture is then diluted to approximately 100 ul in a buffer suitable for the restriction 
endonuclease that cleaves at the synthetic linker sequence, and approximately 50 to 200 units of this 

so endonuclease are added. The mixture is incubated at the appropriate temperature for 2 to 6 hours, then the 
fragment is subjected to agarose gel electrophoresis and the fragment purified as described above. The 
resulting fragment will now have ends with termini produced by digestion with the restriction endonuclease. 
These termini are usually cohesive, so that the resulting fragment is now easily ligated to other fragments 
having the same cohesive termini. 

55 
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E. Removal of S'-terminal phosphates from DMA fragments . 

During pfasmid cloning steps, treatment of the vector plasm id with phosphatase reduces recir- 
cularization of the vector (discussed on page 13 of Maniatis et al reference). After digestion of the DNA with 
5 the appropriate restriction endonuclease, one unit of calf intestine alkaline phosphatase, obtained from 
Boehringer-Mannheim, Indianapolis, IN, is added. The DNA is incubated at 37 °C for one hour, then 
extracted twice with phenol and precipitated with ethanol. 

F. Ligation of DNA fragments . 

70 

When fragments having complementary cohesive termini are to be joined, approximately 100 ng of 
each fragment are incubated in a reaction mixture of 20 to 40 julI containing approximately 0.2 units of T4 
DNA ligase from New England Biolabs in the buffer recommended by the manufacturer. The incubation is 
conducted for 1 to 20 hours at 15 °C. When DNA fragments having flush ends are to be joined, they are 
75 incubated as above, except the amount of T4 DNA ligase is increased to 2 to 4 units. 

G. Transformation of DNA into E. coli . 

E. coli strain HB101 is used for most experiments. DNA is introduced into E. coli using the calcium 
20 chloride procedure described by Maniatis et al on pages 250-251. 

H. Screening E. coli for plasmids . 

Following transformation, the resulting colonies of E. coli are screened for the presence of the desired 
25 plasmid by a quick plasmid isolation procedure. Two convenient procedures are described on pages 366- 
369 of Maniatis et al., (1982) reference. 

I. Large scale isolation of plasmid DNA . 

30 Procedures for isolating large amounts of plasmids in E. coli are found on pages 88-94 of the Maniatis 
et al (1982) reference, 

J. Cloning into M13 phage vectors . 

35 In the following description, it is understood that the double-stranded replicative form of the phage M13 
derivatives is used for routine procedures such as restriction endonuclease digestions, ligations, etc.. 

Example 5: Construction of Chimeric gene in plasmid pBR322 . 

40 In order to fuse the CaMV gene VI promoter and protoxin coding sequences, a derivative of phage 
vector mp19 [Yanisch-Perron et al., (1985)] is constructed. First, a DNA fragment containing approximately 
155 nucleotides 5' to the protoxin coding region and the adjacent approximately 1346 nucleotides of coding 
sequence are inserted into mp19. Phage mp19 ds rf (double-stranded replicative form) DNA is digested 
with restriction endonucleases Sad and Smal and the approximately 7.2-kbp vector fragment is purified 

45 after electrophoresis through low-gelling temperature agarose by standard procedures. Plasmid pKU25/4, 
containing approximately 10 kbp (kilobase pairs) of Bacillus thuringiensis DNA, including the protoxin gene, 
is obtained from Dr. J. Nuesch, CIBA-GEIGY Ltd., Basle, Switzerland. The nucleotide sequence of the 
protoxin gene present in plasmid pKU25/4 is shown in sequence (I). Plasmid pKU25/4 DNA is digested with 
endonucleases Hpal and Sacl, and a 1503 bp fragment (containing nucleotides 2 to 1505 in sequence (I)) is 

so purified as above. (This fragment contains approximately 155 bp of bacterial promoter sequences and 
approximately 1346 bp of the start of the protoxin coding sequence.) Approximately 100 ng of each 
fragment is then mixed, T4 DNA ligase added, and incubated at 15^C overnight. The resulting mixture is 
transformed into E. coli strain HB101, mixed with indicator bacteria E. coli JM 101 and plated as described 
[Messing, J., Meth. Enzymol . 101 (1983) 20]. One phage called mp19/bt is used for further construction 

55 below. 

Next, a fragment of DNA containing the CaMV gene VI promoter, and some of the coding sequences 
for gene VI, is inserted into mp19/bt. Phage mp19/bt ds rf DNA is digested with BamHI, treated with the 
large fragment of DNA polymerase to create flush ends and recleaved with endonuclease Pstl. The larger 
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vector fragment is purified by electrophoresis as described above. Plasmid pABD1 is described in 
Paszkowski et al., Embo J . 3 (1984) 2717-2722. Plasmid pABD1 DNA is digested with Pstl and HindlH. The 
fragment approximately 465 bp long containing the CaMV gene VI promoter and approximately 75 bp of 
gene VI coding sequence is purified. The two fragments are ligated and plated as described above. One of 

s the resulting recombinant phages, called mp19/btca is used in the following experiment: 

Phage mp19/btca contains CaMV gene VI promoter sequences, a portion of the gene VI coding 
sequence, approximately 155 bp of Bacillus thuringiensis DNA upstream of the protoxin coding sequence, 
and approximately 1346 bp of the protoxin coding sequence. To fuse the CaMV promoter sequences 
precisely to the protoxin coding sequences, the intervening DNA is deleted using oligionucleotide-directed 

w mutagenesis of mp19/btca DNA. A DNA oligonucleotide with the sequence (5') TTCGGATTGTTATCCATG- 
GTTGGAGGTCTGA (3') is synthesized by routine procedures using an Applied Biosystems DNA Syn- 
thesizer. This oligonucleotide is complementary to those sequences in phage mp19/btca DNA at the 3* end 
of the CaMV promoter [nucleotides 5762 to 5778 in Hohn, (1982)] and the beginning of the protoxin coding 
sequence (nucleotides 156 to 172) in formula I above. The general procedure for the mutagenesis is that 

75 described in Zolier and Smith (1983). Approximately 5 ug of single-stranded phage mp19/btca DNA is 
mixed with 0.3 ug of phosphorylated oligonucleotide in a volume of 40 ml. The mixture is heated to 65 *C 
for 5 minutes, cooled to 50 *C, and slowly cooled to 4°C. Next, buffer, nucleotide triphosphates, ATP, T* 
DNA ligase and large fragment of DNA polymerase are added and incubated overnight at 15 Q C as 
described [see Zolier and Smith (1983)]. After agarose gel electrophoresis, circular double-stranded DNA is 

20 purified and transfected into E. coli strain JM101. The resulting plaques are screened for sequences that 
hybridize with 32P-labelled oligonucleotide, and phage are analyzed by DNA restriction endonuclease 
analysis. Among the resulting phage clones will be ones which have correctly deleted the unwanted 
sequences between the CaMV gene VI promoter and the protoxin coding sequence. This phage is called 
mp19/btca/del. 

25 Next, a plasmid is constructed in which the 3' coding region of the protoxin gene is fused to CaMV 
transcription termination signals. First, plasmid pABD1 DNA is digested with endonucleases BamHl and 
Bglll and a 0.5 kbp fragment containing the CaMV transcription terminator sequences is isolated. Next, 
plasmid pUC19, Yanisch-Perron et al., Gene 33 (1985) 103-119 is digested with BamHl, mixed with the 0.5 
kbp fragment and incubated with T* DNA ligase. After transformation of the DNA into E. coli strain HB101, 

30 one of the resulting clones, called plasmid p702, is obtained. 

Next, plasmid p702 DNA is cleaved with endonucleases SacI and Smal, and the larger, approximately 
3.2 kbp fragment is isolated by gel electrophoresis. Plasmid PKU25/4 DNA is digested with endonucleases 
Ahalll and SacI, and the 2.3-kbp fragment (nucleotides 1502 to 3773 in formula ! above) containing the 3' 
portion of the protoxin coding sequence (nt 1504 to 3773 of the sequence shown in formula I is isolated 

35 after gel electrophoresis. These two DNA fragments are mixed, incubated with T* DNA ligase and 
transformed into E. coli strain HB101. The resulting plasmid is p702/bt. 

Finally, portions of phage mp1 9/btca/del ds rf DNA and plasmid p702/bt are joined to create a plasmid 
containing the protoxin coding sequence flanked by CaMV promoter and terminator sequences. Phage 
mp19/btca/del DNA is digested with endonucleases SacI and Sphl, and a fragment of approximately 1.75 

40 kbp is purified following agarose gel electrophoresis. Similarly, plasmid p702/bt DNA is digested with 
endonucleases SacI and Sail and a fragment of approximately 2.5 kbp is isolated/Finally, plasmid pBR322 
DNA [Bolivar et al., (1977) is digested with Sail and Sphl and the larger 4.2 kbp fragment isolated. All three 
DNA fragments are mixed and incubated with T+ DNA ligase and transformed into E. coli strain HB101. The 
resulting plasmid, pBR322/bt14 is a derivative of pBR322 containing the CaMV gene VI promoter and 

45 translation start signals fused to the Bt crystal protein coding sequence, followed by CaMV transcription 
termination. 

Example 6a: Construction of pTOX, containing a chimeric gene encoding the insecticidal toxin gene of 
Bacillus thuringiensis var tenebrionis 

50 

A gene encoding the insecticidal crystal protein gene of Bacillus thuringiensis var. tenebrionis has been 
characterized and sequenced [Sekar, V. et aL, Proc. Natl. Acad Sci USA , 84 (1987) 7036-7040]. This coding 
sequence is isolated on a convenient restriction fragment, such as a Hindi!! fragment of approximately 3 kb 
in size, and inserted into an appropriate plant expression vector, such as the plasmid pCIB 770 [Rothstein, 
55 S. et al., Gene , 53 (1987) 153-161]. The plasmid pCIB 770 contains a chimeric kanamycin gene for 
expression in plants, as well as the promoter and terminator of the 35S RNA transcript of CaMV [cauliflower 
mosaic virus] separated by a unique BaMH1 site. The restriction fragment bearing the toxin coding 
sequence is made compatible to the unique BamHl site of pCIB 770 by use of the appropriate molecular 
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adapter and ligated together. 

Example 6b: Construction of pSAN, containing a chimeric gene encoding the insecticidal toxin gene of 
Bacillus thuringiensis strain san diego 

s 

A gene encoding the insecticidal protein of Bacillus thuringiensis strain san diego has been character- 
ized and sequenced by Herrnstadt et al., EP-0-202-739 and EP-0-213-818. This coding sequence is isolated 
on a convenient restriction fragment and inserted into the appropriate plant expression vector, such as pCIB 
770. The plasmid pC!B770 contains a chimeric kanamycin gene for expression in plants, as well as the 
w promoter and terminator of the 35S RNA transcript of CaMV [cauliflower mosaic virus) separated by a 
unique BamH site. The restriction fragment bearing the toxin coding sequence is made compatible to the 
unique BamHI site of pCIB 770 by use of the appropriate molecular adapter and ligated together. 

Example 7a: Construction of Plasmid pCIB 710 . 

15 

The plasmid pLW111 (available from S. Howell, University of California, San Diego) consists of the three 
smaller EcoRI fragments of the BJI strain of cauliflower mosaic virus (CaMV) [Franck et al (1980) Cell 2V. 
285-294] cloned into pMB9. pLW111 is digested with Bglll and a 1150 bp fragment [base pairs numbers 
6494-7643, Hohn et al., Current Topics in Microbiology and Immunology 96 (1982) 193-236) isolated. This 
20 fragment is ligated into the BamHI site of pUC 19. This restriction fragment codes for both the promoter for 
the CaMV 35S RNA and the polyA addition signal (i.e. the terminator) for that transcript. 

In vitro mutagenesis 

25 A unique BamHI site is inserted between this promoter and terminator via in vitro mutagensis. A 36- 
base oligonucleotide is synthesized which is identical to the CaMV sequence in that region except that a 
BamHI restriction site is inserted at base pair No 7483 in the sequence. 

The 1150 bp Bglll fragment from above is cloned into M13mp19 and single-stranded phage DNA 
isolated. 

30 This single-stranded DNA is annealed with the synthetic oligonucleotide, a new strand is synthesized 
using the oligonucleotide as a primer and the DNA transfected into strain JM101 [Zoller and Smith, DNA , 3 
(1984) 479-488]. 

M13 phage having the BamHI site inserted are isolated as described in Zoller and Smith (supra). 
35 Selection of desired mutant phage 

The 36 base oligonucleotide is labeled by kinasing with 32-P-ATP. 

A set of the transfected M13 phage plaques is localized on a nitrocellulose filter. This filter is hybridized 
with the labeled 36-mer. The filter is washed at increasing temperatures. Mutated phages are stable at 
40 higher wash temperature. 

One of these phages stable at higher temperature is isolated and sequenced to confirm the presence of 
the BamHI site. 

Final assembly of pCIB 710 

45 

Double-stranded DNA isolated from this phage is digested with Hindltl and Eco Rl. pUC19 is cleaved 
with Hindi II and EcoRI. These two digested DNA's are ligated. Transformants are selected by ampicillin 
resistance. One transformant from this ligation is pCIB710. 

The plasmid pCIB710 has no ATG start codons between this BamHI site which was inserted and the 
so starting point of transcription. 

Example 7b: Construction of pC!B712 

The hygromycin resistance gene [Gritz, L. and Davies, J. Gene , 25 (1983) 179-188] is present on a ca. 
55 1150 basepair BamHI fragment from the plasmid pLG90. The plasmid pLG90 is available from Dr. Linda 
Gritz, Applied Biotechnology, 80 Rogers St., Cambridge, Massachusetts 02142. This fragment was tinkered 
with Bglll linkers and then inserted into the unique BamHI site of pCIB 710, destroying the BamHI site and 
constructing the plasmid pCIB 712. The plasmid pCIB 712 has been deposited with ATCC, Rockville, 
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Maryland, USA, accession number 67407. This deposition was made in accordance with the Budapest 
Treaty [date of deposit: May 1 8, 1 987]. 

The plasmid pCIB712 is linearized using an appropriate enzyme, for example Smal. 

5 Example 7c: Construction of pCIB1Q/35SBt 

The plasmid pCIB71 0 is described above. 

Construction of pCIBIO (see Figures 7a to 7g) . 

10 

15. A T-DNA fragment containing the left border from pTiT37 is isolated from pBR325 (EcoRI29) [Yadav 
et al., Proc Natl. Acad. Sci. USA 79 (1982) 6322-6326). pBR325 (EcoRI29) is cut with EcoRI and the 1.1 
kb fragment Tinkered with Hind III linkers (New England Biolabs). 

16. The plasmid pBR322 [Bolivar et al., Gene 2 (1977) 95-103] is cut with Hindlll. 

15 17. The left border-containing fragment described in step 15 is ligated into the Hindlll digest of pBR322. 

18. The ieft border-containing plasmid constructed in step 17 is digested with Clal and Hindlll and the 
1.1 kb Hindlll/Clal fragment isolated [Hepburn et al., J. Mol. Appl. Genet. 2 (1983) 315-329.] 

19. The plasmid pUC18 [Norrander et al., Gene 26 (1983) 101-106] is cut with Hindlll and EcoRI; the 60 
bp polylinker is end-labeled using T4 polynucleotide Kinase and gamma- 32 p-dATP and isolated from an 

20 acrylamide gel. 

20. The plasmid pBR322 is cut with EcoRI and Clal and the large fragment isolated. 

21. The 60 bp Hindlll/EcoRI polylinker and the 1.1 kb Hindlll/Clal fragment of EcoRI29 is ligated into 
pBR322 cut with Clal and EcoRI, constructing pCIB5. 

22. A chimeric gene conferring kanamycin resistance (nos^-neo) is taken from Bin 6 [Bevan, Nuc. Acid 
25 Res - 12 (1984) 871 1-8721] as a Sall/EcoRI fragment. 

23. The plasmid pUC18 is cut with EcoRI and Sail. 

24. The Sall/EcoRI fragment containing the chimeric gene of step 22 is ligated into the pUClS cut with 
EcoRI and Sail. 

25. The BamHI recognition site in the termination sequence of this chimeric gene is destroyed by cutting 
30 with BamHI, filling in using T4 DNA polymerase, and figating. 

26. The resulting plasmid is cut with Sstll (Bethesda Research Laboratories) and Hindlll. 

27. A fragment containing the 5' part of the nos promoter and the right border of pTiT37 is isolated by 
cutting pBR325 (Hind23) with Hindlll and Sstll and isolating the 1.0 kb fragment 

28. This 1.0 kb Hindlll/Sstll fragment is ligated into pUC18 vector of step 26 constructing pC)B4. 

35 29. pCIB5 containing a left T-DNA border is cut with Aatll, rendered blunt-ended by treatment using T4 
DNA polymerase, and then cut with EcoRI. 

30. pCIB4 is cut with Hindlll, rendered blunt by treatment using Klenow fragment of E. coli DNA 
polymerase I, and cut with EcoRI. 

31. The vector of step 29 is ligated with the large fragment of step 30 constructing pCIB2, a ColE1 
40 replicon containing left and right T-DNA borders flanking a chimeric Km r gene and a polylinker. 

32. The plasmid pRZ102 [Jorgensen, et al., Mol. Gen. Genet 177 (1979) 65-72] is digested with BamHI 
and filled in using Klenow. 

33. An Aful partial digest of plasmid pA03 [Oka, et al., Nature 276 (1978) 845-847 and Oka et al., J. Mol. 
Biol 147 (1981) 217-226] is made. 

45 34. The Alul digest is ligated into the restricted pRZ102, from step 32, selecting the desired transfor- 
mants by resistance to kanamycin. 

35. The resulting plasmid has the coding sequence of Tn903 present on a 1.05 kb BamHI fragment; this 
fragment is isolated after BamHI digestion and filling-in with Klenow. 

36. The plasmid pRK252, a derivative of the broad host range plasmid pRK2, is available from Dr. Don 
50 Helinski of the University of California, San Diego. This plasmid lacks the Bglll site present in the parent 

plasmid pRK290 [Ditta et al., Proc. Nat. Acad. Sci. USA , 77 (1980) 262-269]. pRK252 is digested with 
Smal and Sail, filled in using Klenow, and the large fragment resulting from this digest isolated. 

37. The TN903 containing fragment, isolated in step 35, is ligated into the large fragment from pRK252, 
constructing pRK252 Km. 

55 38. The plasmid pRK252 Km is cut with EcoRI, blunt-ended using Klenow, and linkered with Bglll linkers 
(New England Biolabs). 

39. The plasmid pCIB2 is cut with EcoRV and is linkered with Bglll linkers (New England Biolabs). 

40. The Bglll-linkered pCIB2 of step 39 is ligated into vector of step 38 constructing pCIBIO. 
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Example 7d: Construction of pClBIQa 

Example 7c can be repeated substituting the plasmid pRK290 for pRK252. 

41. The plasmid pRZ102 [Jorgensen, et at., (1979), supra] is digested with BamHi and filled in using 
5 Klenow. 

42. An Alul partial digest of plasmid pA03 [Oka, et al., (1978), supra] is made. 

43. The Alul digest is iigated into the restricted pRZ102, from step 32, selecting the desired transfor- 
mants by resistance to kanamycin. 

44. The resulting plasmid has the coding sequence of Tn903 present on a 1.05 kb Bam HI fragment; this 
70 fragment is isolated after BamHl digestion and filiing-in with Klenow. 

45. The plasmid pRK290, a derivative of the broad host range plasmid RK2, is available from Dr. Don 
Helinski of the University of California, San Diego. pRK290 is digested with Smal and Sail, filled in using 
Klenow, and the large fragment resulting from this digest isolated. 

46. The Tn903 containing fragment, isolated in step 35, is Iigated into the large fragment from pRK290, 
rs constructing pRK290 Km. 

47. The plasmid of step 46 is digested with Bglll, filled in using Klenow and Iigated, destroying its Bglll 
site, to construct pRK290 Km. 

48. The plasmid pRK290 Km is cut with EcoRI, blunt-ended using Klenow, and linkered with Bglll linkers 
(New England Biolabs). 

20 49. The plasmid pCIB2 is cut with EcoRV and is linkered with Bglll linkers (New England Biolabs). 
50. The Bglll-linkered pCIB2 of step 39 is Iigated into vector of step 47 constructing pCIBIOa. 

Example 7e: Construction of a Bacillus thuringiensis protoxin chimeric gene with the CaMV 35S promoter 

25 A. Construction of a CaMV 35S Promoter Cassette . 

Plasmid pCIB 710 is constructed as shown in Figure 10. This plasmid contains CaMV promoter and 
transcription termination sequences for the 35S RNA transcript [Covey, S.N., Lomonossoff, G.P. and Hull, 
R., Nucleic Acids Research 9 (1981) 6735-6747]. A 1149 bp Bglll restriction fragment of CaMV DNA [bp 

30 7643-6494 in Hohn et al., (1982) is isolated from plasmid pLV111 (obtained from Dr. S. Howell, University of 
California-San Diego; alternatively, the fragment can be isolated directly from CaMV DNA) by preparative 
agarose gel electrophoresis as described earlier and mixed with BamHI-cIeaved plasmid pUCl9 DNA, 
treated with T4 DNA ligase, and transformed into E. coli. (Note the BamHl restriction site in the resulting 
plasmid has been destroyed by ligation of the Bglll cohesive ends to the BamHl cohesive ends.) The 

35 resulting plasmid, called pUCl9/35S, is then used in oligonucleotide-directed in-vitro mutagenesis to insert 
the BamHl recognition sequence GGATCC immediately following CaMV nucleotide 7483 in the Hohn 
reference. The resulting plasmid, pCIB710, contains the CaMV 35S promoter region and transcription 
termination region separated by a BamHl restriction site. DNA sequences inserted into this BamH! site will 
be expressed in plants by these CaMV transcription regulation sequences. (Also note that pCIB710 does 

40 not contain any ATG translation initiation codons between the start of transcription and the BamHl site.) 

B. Insertion of the CaMV 35S Promoter/Terminator Cassette into pCIBIO . 

The following steps are outlined in Figure 11. Plasmids pCIBIO and pCIB710 DNAs are digested with 
45 EcoRI and Sail, mixed and Iigated. The resulting plasmid, pCIB1 0/710 has the CaMV 35S promot- 
er/terminator cassette inserted into the plant transformation vector pCIBIO. The CaMV 35S sequences are 
between the T-DNA borders in pCIBIO, and thus will be inserted into the plant genome in plant 
transformation experiments, 

50 C. Insertion of the Bacillus thuringiensis protoxin gene into pC!B1 0/710 . 

The following steps are outlined in Figure 12. As a source of the protoxin gene, plasmid pCIB10/19SBt 
is digested with BamHl and Ncol, and the 3.6 kb fragment containing the protoxin gene is isolated by 
preparative gel electrophoresis. The fragment is then mixed with synthetic NcoI-BamHI adapter with the 
55 sequence 5'-CATGGCCGGATCCGGC-3\ then digested with BamHl. This step creates BamHl cohesive 
ends at both ends of the protoxin fragment. This fragment is then inserted into Bam Hi-cleaved pCIB1 0/710. 
The resulting plasmid, pCIB10/35SBt, shown in Figure 12, contains the protoxin gene between the CaMV 
35S promoter and transcription termination sequences. 
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Plasmid pCIB10/19SBt [in E. coli strain HB 101] is on deposit with ATCC and has the ATCC accession 
number 67330 [date of deposit: February 27, 1987]. 

pC!B10/35SBt in strain MC1061 is on deposit with ATCC, Rockville, Maryland, USA, accession number 
67329- This deposition was made in accordance with the requirements of the Budapest Treaty [date of 
5 deposit: February 27, 1987]. 

Example 8a: Transformation of Zea mays protoplasts by electroporation . 

All steps except the heat shock are carried out at room temperature. The protoplasts are resuspended 
10 in the last step of example 3 in 0.5 M mannitol containing 0.1% w/v MES and 6mM MgCb- The resistance 
of this suspension is measured in the chamber of a Dialog Electroporator R and adjusted to 1 to 1.2 kOhm 
using a 300 mM MgCb solution. The protoplasts are heat shocked by immersing the tube containing the 
sample in a water bath at 45 'C for 5 minutes, followed by cooling to room temperature on ice. To aliquots 
of 0.25 ml of this suspension are added 4 ug of linearized pCIB712 plasmid containing the hygromycin 
15 resistance gene, and 20 jug of calf thymus carrier DNA. 

To the protoplasts are added 0.125 ml of a 24% w/v polyethylene glycol (PEG) solution (MW of PEG 
8000) in 0.5M mannitol containing 30 mM MgCl2. The mixture is mixed well but gently, and incubated for 
10 minutes. The sample is transferred to the chamber of the electroporator and pulsed 3 times at 10 
second intervals at initial voltages of 1000, 1200, 1500, 1800, 2300 and 2800V cm" 1 , and an exponential 
20 decay time of the pulse of 10 microseconds (usee). 
The protoplasts are cultured as follows: 

The samples are placed in 6 cm diameter petri dishes at room temperature. After a further 5 to 15 
minutes, 3 ml of KM medium containing 1.2% w/v SeaPlaque R agarose, I mg/liter 2,4-D and 100 mg/liter 0- 
acetyl salicylic acid is added. The agarose and protoplasts are mixed well, and the medium allowed to gel. 

25 

Example 8b: Transformations of Zea mays protoplasts by electroporation . 

Example 8a is repeated, with the modification that the resistance of the protoplast preparation is 
adjusted to 0.5 to 0.7 kOhm. 

30 

Example 8c: Transformation of Zea mays protoplasts by electroporation . 

Example 8a is repeated, with the modification that the PEG used is PEG with a molecular weight of 
4000. 

3S 

Example 8d: Transformation of Zea mays protoplasts by electroporation . 

Example 8c is repeated, with the modification that the resistance of the protoplast preparation is 
adjusted to 0.5 to 0.7 kOhm. 

40 

Example 8e: Transformation of Zea mays protoplasts by electroporation . 
Example 8a is repeated with the modification that no PEG is added. 
45 Example 8f: Transformation of Zea mays protoplasts by electroporation . 
Example 8b is repeated with the modification that no PEG is added. 
Example 8g: Transformation of Zea mays protoplasts by electroporation . 

50 

Example 8a is repeated with the modification that one half of volume of 12% w/v PEG is added. 
Example 8h: Transformation of Zea mays protoplasts by electroporation . . 
55 Example 8b is repeated with the modification that one half volume of 12% w/v PEG is added. 
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Example 8i: Transformation of Zea mays protoplasts by electroporation . 

Example 8c is repeated with the modification that one half volume of 12% w/v PEG is added. 
5 Example 8j: Transformation Zea mays protoplasts by electroporation . 

Example 8d is repeated with the modification that one half volume of 12% w/v PEG is added. 

Example 8k: Transformation of Zea mays protoplasts by electroporation . 

10 

Examples 8a-8j are repeated with the modification that the pulses are applied at intervals of 3 seconds. 

Example 81: Transformation of Zea mays protoplasts by electroporat ion. 

75 Examples 8a-8k are repeated wherein the protoplasts are placed after the electroporation in dishes 
placed on a plate cooled to a temperature of 16 ° C. 

Example 8m: Transformation of Zea mays protoplasts by electroporation . 

20 Examples 8a-8l are repeated with the modification that the protoplasts are placed in tubes after the 
electroporation step, and washed with 10 ml of 6/7 strength KMC solution, collected by centrifugation at 60 
g for 10 minutes, resuspended in 0.3 ml of KM medium, and plated as in Example 8a. 

Example 8n: Transformation of Zea mays protoplasts by electroporation . 

25 

Example 8m is repeated with the modification that the medium used for washing the protoplasts is W5 
solution (350 mg/liter KCI; 18.375 g/liter CaCl2.2H 2 0; 9 g/liter NaCI; 9 g/liter glucose; pH 6.0). 

Example 8o: Transformation of Zea mays protoplasts by electroporation . 

30 

Examples 8a-8n are repeated with the modification that the medium used to plate the protoplasts is KM 
medium containing 30% by volume of Schenk and Hildebrandt (1972) medium containing 30 uM Dicamba R , 
in which cell suspensions of Dactylis glomerata have previously been grown. 

35 Example 8p: Transformation of Zea mays protoplasts by electroporation . 

Examples 8a-8n are repeated with the modification that the medium used to plate the protoplasts is KM 
medium containing 15% by volume of Schenk and Hildebrandt medium [ Can. J. Bot., 50 (1972) 199-204] 
containing 30 JjlM Dicamba R , in which cell suspensions of Dactylis glomerata have previously been grown. 

40 

Example 8q: Transformation of Zea mays protoplasts by electroporation . 

Examples 8a-8n are repeated with the modification that the medium used to plate the protoplasts is KM 
medium containing 30% by volume of N6 medium in which the cell suspensions described in example 3 
45 have previously been grown. 

Example 8r: Transformation of Zea mays protoplasts by electroporation . 

Examples 8a-8n are repeated with the modification that the medium used to plate the protoplasts is KM 
so medium containing 15% by volume of N6 medium in which the cell suspensions described in example 3 
have previously been grown. 

Example 8s: Transformation of Zea mays protoplasts by electroporation . 

55 Examples 8a-8r are repeated with the modification that the protoplasts are taken up in culture medium 
(KM medium containing 0.5 mg/liter 2,4-D and 100 mg/liter O-acetyl-salicylic acid, and 1.2% w/v SeaPlaq- 
ue R agarose) onto nurse culture filter, at a density of 0.5 million protoplasts/ml. 
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In this embodiment Durapore filters, [catalog number GVWP 04700, 0.22 um pore size, 47 mm 
diameter] are numbered on the margin with a lead pencil on the upper surface as they are removed from 
the container. This is to insure that the upper side is facing up on the nurse cultures, and that only one filter 
is placed on each. The filters are autoclaved in distilled, deionized water in a translucent container (GA7 R or 
s any similar container), for 20 minutes, When they are cooled, the water is replaced with liquid KM media as 
described above, but without gelling agents for at least 3 hours prior to placing the filters on the nurse 
cultures. 

Nurse cultures are prepared from Black Mexican Sweet Corn suspension culture (BMS) [Green, Hort 
Sci., 12 (1977) 131; Smith et a]., Plant Sci. Lett., 36 (1984) 67), or the embryogenic suspensions described 
70 in example 3. 

When BMS is used as a nurse, sterile KM media with 0.5 mg/liter 2,4-D and 100 mg/liter O-acetyi- 
salicylic acid (2 mg/ml in 2% v/v DMSO containing 0.1 % w/v MES, pH 6.0) is added to sterile SeaPlaque* 
agarose to give a final concentration of agarose of 1.2% w/v. After heating to melt the agarose, the medium 
is cooled to 44* C in a water bath, 1 ml PCV of BMS suspension added per 10 ml of medium, and 5 ml 

75 aliquots distributed into 60 mm diameter petri dishes. When the medium has solidified, sterile Durapore 
filters are placed on the surface, numbered side up. 

When embryogenic corn suspension cultures are used as nurse, N6 media is increased in osmolality 
using glucose to ^530-540 mOs/kgH2 0. The pH is re-adjusted to 6.0, and media is filter-sterilized through a 
0.2 ixm filter. 0.5 mg/liter 2,4-D and 100 mg/liter O-acetyl-salicylic acid (2 mg/ml in 2% v/v DMSO 

20 containing 0.1 % w/v MES, pH 6.0) is added. The medium is added to sterile SeaPlaque R agarose to give a 
final concentration of agarose of 1.2% w/v. After heating to melt the agarose, the medium is cooled to 44° 
C in a water bath, 1ml PCV of the embryogenic suspension culture added per 10 ml of medium, and 5 ml 
aliquots distributed into 60 mm diameter petri dishes. When the medium has solidified, sterile Durapore 
filters are placed on the surface, numbered side up. 

25 The protoplast preparation is diluted with cooled (44* C) KM medium with 1.2% w/v SeaPlaque R 
agarose, containing 0.5 mg/liter 2,4-D and 100 mg/liter O-acetyl-salicylic acid to a concentration of 0.5 
million protoplasts/ml. 0.5 ml of this preparation is pipetted slowly onto the surface of each of the filters. 

Example 8t: Transformation of Zea Mays protoplasts by electroporation . 

30 

Examples 8a-8s are repeated with the modification that calf thymus carrier DNA is not added. 

Example 8u: Transformation of Zea mays protoplasts by electroporation . 

35 Examples 8a-8t are repeated with the modification that 50 micrograms of linearized pCIB71 2 plasmid is 
added. 

Example 8v: Transformation of Zea mays protoplasts by electroporation . 

40 Examples 8a-8u are repeated with the modification that the plasmid pC!B712 is not linearized. 

Example 9a: Transformation of Zea mays protoplasts by treatment with polyethlene glycol. 

The protoplasts are resuspended at the fast step of example 3 in a 0.5 M mannitol solution containing 
12 to 30 mM MgCI 2 . A heat shock of 45 'C for 5 minutes is given as described in Example 8a. The 
protoplasts are distributed in aliquots for transformation in centrifuge tubes, 0.3 ml of suspended protoplasts 
per tube. During the next 10 minutes the following are added: DNA (as for Example 8a-8v) and PEG 
solution (PEG 6000 40% w/v; Ca(N0 3 >2 0.1 M; mannitol 0.4 M; pH 8-9 with KOH) comprising a final 
concentration of 20% w/v. The aliquots are incubated for 30 minutes with occasional gentle shaking and 
then the protoplasts placed in petri dishes (0.3 ml original protoplast suspension per 6cm diameter dish) 
and cultured as described in Examples 8a or 8o-8r. 

Example 9b: Transformation of Zea mays protoplasts by treatment with polyethylene glycol . 

55 The protoplasts are resuspended at the last step of example 3 in a 0.5 M mannitol solution containing 
12 to 30 mM MgCI 2 at a density of 20 million protoplasts/ml. A heat shock of 45 a C for 4 minutes is given 
as described in Example 8a. The protoplasts are distributed in aliquots for transformation in centrifuge 
tubes, 0.5 ml protoplasts per tube. During the next 10 minutes, the following are added: DNA (as for 
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Example 5a) and PEG solution (PEG 8000 [Sigma or other equivalent brand], 36% w/v, 0.1 M Ca(N0 3 ) 2 , 0.4 
M mannitol, 0.1% IvIES, adjusted over a period of 3 hours to pH 7 to 8 with KOH filter sterilized through a 
0.2 um filter) to a final concentration of 18% w/v. The aliquots are incubated for 30 minutes with gental 
shaking and then the protoplasts placed in petri dishes and cultured as described in Example 8a-8s. 

5 

Example 9c: Transformation of Zea mays protoplasts by treatment with polyethylene glycol. 

Examples 9a and 9b are repeated and the protoplasts are washed after the 30 minute incubation in 
PEG by adding 0.3 ml of W5 solution of Example 8n 5 times at 2 to 3 minutes intervals, they are then 
10 centrifuged, the supernatant is removed, and the protoplasts cultured as for Examples 8a-8s. 

Example 9d: Transformation of Zea mays protoplasts by treatment with polyethylene glycol. 

Alternatively, the protoplasts are washed by the consecutive addition of 1 ml, 2 mi and 5 ml of W5 
15 solution of Example 8n at 5 minute intervals. They are then centrifuged, the supernatant is removed, and 
the protoplasts cultured as for Examples 8a-8s. 

Example 9e: Transformation of Zea mays protoplasts by treatment with polyethylene glycol. 
20 Examples 9a to 9d are repeated with the modification that the final concentration of PEG is 15% w/v. 
Example 9f: Transformation of Zea mays protoplasts by treatment with polyethylene glycol. 

Examples 9a to 9e are repeated with the modification that the final concentration of PEG is 25% w/v. 

25 

Example 9g: Transformation of Zea mays protoplasts by treatment with polyethylene glycol. 

Examples 9a to 9d are repeated with the modification that the final concentration of PEG is 12% w/v. 

30 Example 9h: Transformation of Zea mays protoplasts by treatment with polyethylene glycol . 

Examples 9b-9f are repeated with the modification that the protoplasts are washed with KMC salt 
solution according to Example 8n. 

35 Example 1 0a: Regeneration of callus from protoplasts . 

The plates containing the protoplasts in agarose are placed in the dark at 26 °C. Within 14 days, cell 
colonies arise from the protoplasts. The agarose containing the colonies is transferred to the surface of a 9 
cm diameter petri dish containing 30 ml of N6 medium with 2 mg/liter 2,4-D, solidified with 0.24% w/v 
40 Gelrite R (2N6). The colonies are cultured to give callus. The callus is cultured further in the dark at 26 °C 
and callus pieces subcultured every 2 weeks onto fresh N6 medium containing 2 mg/liter 2,4-D (solidified 
with 0.24% w/v Gelrite R ). 

Example 10b: Regeneration of callus from protoplasts. 

45 

The plates containing the protoplasts on the nurse cultures are placed in the dark at 26 ° C. In about 2 
weeks, colonies will have appeared. Whole filters are then transferred to the surface of a 9 cm diameter 
petri dish containing N6 medium with 2 mg/liter 2,4-D, solidified with 0.24% w/v Gelrite" (2N6), or colonies 
are picked off and transferred individually to this medium. The callus which arises is cultured further in the 
50 dark at 26 °C and callus pieces subcultured every 2 weeks onto fresh N6 medium containing 2 mg/liter 2,4- 
D (solidified with 0.24% w/v Gelrite R ). 

Example 11a: Selection of transformed callus of Zea mays . 

55 Examples 10a and 10b are repeated with the modification that 50 mg/liter hygromycin B is added to the 
2N6 medium in order to select for transformed cells. 
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Example 11b: Selection of transformed callus of Zea mays. 



Examples 10a and 10b are repeated with the modification that 100 mg/liter hygromycin B is added to 
the 2N6 medium in order to select for transformed cells. 

5 

Example 11c: Selection of transformed cailus of Zea mays . 

Examples 10a and 10b are repeated with the modification that 200 mg/liter hygromycin B is added to 
the 2N6 medium in order to select, for transformed material. 

70 

Example 12a: Regeneration of plants . 

Callus is placed on 2N6 for maintenance and on ON6 (N6 medium without hormones) and N61 (0.25 
mg/liter 2,4-D + 10 mg/liter kinetin) to initiate regeneration. Material growing on ON6 and N61 medium is 
is grown in the light (16 hours/daylight of 10 to 30 u,E/m 2 sec from white fluorescent lamps). Callus growing on 
N61 is transferred to ON6 after 2 weeks, as prolonged time on the N61 plates is detrimental. The callus is 
subcultured every 2 weeks even if the callus is to be transferred again on the same medium formulation. 
Plantlets take 4 to 8 weeks to appear. 

Once the plantlets are at least 2 cm tall, they are transferred to ON6 medium in GA7 containers or other 
20 suitable culture vessels. Roots form in 2 to 4 weeks. Once the roots look to be well formed enough to 
support growth, the plantlets are transferred to soil in peat pots, under a light shading for the first 4 to 7 
days. It is often helpful to invert a clear plastic cup over the transplants for several days. 

Once the plants are established, they are treated as normal Zea mays plants and grown in the 
greenhouse to maturity to test for fertility and the inheritance of the introduced genes. 

25 

Example 12b: Regeneration of plants . 

Example 12a is repeated with the modification that 50 mg/liter hygromycin B is added to the medium 
used to maintain callus. 

30 

Example 12c: Regeneration of plants . 

Example 12a is repeated with the modification that 100 mg/liter hygromycin B is added to the medium 
used to maintain the callus. 

35 

Example 12d: Regeneration of plants . 

Example 12a is repeated with the modification that 200 mg/liter hygromycin B is added to the medium 
used to maintain the callus. 

40 

Example 13: Transformation and Regeneration . 

Examples 8, 9, 10, and 11 are repeated with the only modifications that plasmid pCIB10/35SBt is used 
as the plasmid DNA, and that the antibiotic G418 is substituted for hygromycin on the selection steps. 

45 

Example 14: Construction of plRV, containing both the chimeric hygromycin-resistance and chimeric BT 
genes. 

Plasmid pCIB 712 is digested with Smal. Plasmic pC!B10/35S Bt is digested with Sphl, treated with 
so large fragment of DNA polymerase (Klenow enzyme) to create flush ends, then digested with Smal. The 
approximately 4.8 kb fragment containing the chimeric BT gene is purified by agarose gel electrophoresis l 
and ligated to Smal-cleaved pCIB 712 DNA. The resulting plasmid, plRV, contains both the chimeric 
hygromycin-resistance gene and the chimeric Bt gene. plRV is linearized at an appropriate site distal to the 
chimeric genes prior to electroporation. 

55 
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Example 15: Transformation and Regeneration 

Examples 8, 9, 10, and 11 are repeated with the modification that plasmid pIRV is used as piasmid 
DNA and hygromycin is used in selection. 

5 

Example 16: Construction of plasmid bearing chimeric chitinase and chimeric hygromycin resistance genes, 

A cDNA clone, pSCH1 containing the coding region of a tobacco chitinase gene is identified in a library 
of tobacco cDNA's cloned into the Pst1 site of pBR322. Hybrid-selected translation gives a protein product 
70 that cross-reacts with antibody raised against bean chitinase [Shinshi et al., Proc. Natl. Acad. Sci. USA 84 - 
(1987) 89-93]. From a lambda library of tobacco DNA, the corresponding genomic clone is identified using 
the cDNA clone as probe [Maniatis, op.cit.]. Hybridization and restriction mapping studies are used to 
identify a Pst1 site common to the cDNA clone and the genomic clone. 

Sequence analysis of genomic DNA upstream from this common Pst1 site reveals the start of the open 
is reading frame for the chitinase structural gene, as well as a Sphl recognition site at a position -35 from that 
start site. The following steps are used to join this upstream genomic DNA fragment to the downstream 
cDNA fragment forming a full-length coding region for chitinase: 

a/ The full length gene is constructed in a plasmid vector pGY1 , which contains a CaMV 35S promoter 
fragment, a termination/poladenylation signal from CaMV and a polylinker between these two. The 
20 polarity of the polylinker forces the orientation of the upstream fragment; correct orientation of the 
downstream fragment is determined by sequence analysis. 

The upstream Sphl/Pstl fragment from the genomic clone is isolated and purified; it is then ligated 
into plasmid pGY1 which has been digested with Sphl and Pstl. 

b/ The resulting intermediate plasmid is digested with Pstl. The downstream Pstl fragment is isolated 
25 from clone pSCH1 and ligated into this digested intermediate vector. 

of The clone having the correct orientation and in-frame fusion of the cDNA fragment to the upstream 
genomic DNA fragment is confirmed by DNA sequence analysis. The resulting plasmid is named 
pSCH1. The plasmid pSCH1 [in E. coli strain K12] is on deposit at the Deutsche Sammlung von 
Mikroorganismen in Goettingen, W. Germany, accession number DSM 4129. This deposition was made 
30 in accordance with the requirements of the Budapest Treaty [date of deposit: May 29, 1987]. 

The complete chitinase gene flanked by the CaMV 35S promoter and terminator regions is excised 
from pSCHT by EcoRI digestion. The fragment is rendered blunt-ended by use of the large fragment of 
DNA polymerase I [Maniatis, op. cit). The receptor plasmid pCIB 712, which contains a chimeric hyg- 
romycin resistance gene that expresses in plant cells, is digested with Smal. The Smal-digested pCIB712 
35 and the blunt-ended fragment containing the chimeric chitinase gene are ligated together using T4 ligase 
[Maniatis, op.cit]. The resulting plasmid is named pCIBcht. Prior to protoplast transformation, pCIBcht is 
linearized at a site distal to the chimeric genes. 

Example 17: Construction of vector bearing chimeric AHAS gene conferring sulfonylurea resistance. 

40 

a. Isolation of Sulfonylurea-resistant (SU-R) Arabidopsis plants . 

Ethylmethanesulfonate (EMS) mutagenized M2 Arabidopsis thaliana (race Columbia) seeds are pro- 
duced according to Haughn and Somerville [ Mol. Gen. Genet 204 (1986) 430-434] and Somerville and 

45 Ogren ( Methods in Chloroplast Molecular Biology , Edelman et al. (eds) (1982) 129-138.) The EMS is used 

at 0.3% concentration for 14 to 16 hours and the M1 seeds are sown and grown at a density of 2 to 3 
plants per cm 2 . 

Sulfonylurea-resistant (SU-R) Arabidopsis plants are selected and grown from the M2 seed stocks 
according to Haughn and Somerville (op. cit.). 

50 

b. Construction of recombinant lambda phage library of SU-R Arabidopsis DNA . 

DNA is isolated from SU-R Arabidopsis plants according to Jen and Chilton [ J. Bacteriol., 166 (1986) 
491-499.] Arabidopsis DNA is completely digested with Xbal (New England Biolabs). DNA fragments of size 
55 4 to 8 kbp in length are isolated from an agarose gel using an NA45 DEAE membrane (Schleicher and 
Schuell, Keene, N.H. Catalog No. 03431) and cloned into lambda-ongC-X vector (Stratagene, 3770 Tansy 
St., San Diego, CA 92121) using manufacturer's recommended procedures. Recombinant phage DNA is 
encapsidated using Gigapack-plus kit from Stratagene. 
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c - Cloning of SU-R acetohydroxy acid synthase (AH AS) gene from SU-R Arabidopsis plants . 

Plasmid pE16/8-c4 which contains the 1LV2 locus of Saccharomyces cerevisiae [J. Polaina, Carlsberg 
Res. Comm. 49 (1954) 577-584.] is obtained from J. Polaina, is transformed into E. coli HB101, ancTa large- 
5 scale plasmid preparation is made. Plasmid pE16/8-c4 is on deposit with the American Type Culture 
Collection, accession number 67420. This deposition was made in accordance with the requirements of the 
Budapest Treaty [date of deposit: May 29, 1987]. Plasmid pE16/8-c4 DNA is digested with EcoRJ and the 
2.1 kbp (Eco 2.1) fragment containing the AHAS coding sequence [Faico et al., Nucl. Acid Res. 13 (1985) 
4011-4027.] is isolated from an agarose gel. Eco 2.1 fragment is radiolabeled with 32-phosphorus to a 
w specific activity of 5 to 8 X 10 s cpm/ug with PRIME TIME kit (International Biotechnologies, Inc.). 

Recombinant phages containing Arabidopsis Xbal fragments are plated on E. coii VCS 257 according to 
Maniatis et al .,(1982) [Cold Spring Harbor, N.Y.) and Stratagene protocols. 

Duplicate lambda plaque lifts are made of each phage plate with Colony/PlaqueScreen R membrane 
(New England Nuclear Research Products) according to the manufacturer's protocol. Plaque lifts are treated 
75 as follows: 

\i washed in 5X SSC, 2% SDS at 65 *C for 6 hours, [all recipes are as in Maniatis et al,(op. cit); 
ii/ prehybridized in hybridization mix (5X SSC, 1% SDS, 5X Denhardt's solution, 200 ug/mi of denatured 
and sheared salmon DNA, 25% formamide, 10% dextran sulfate; 10 ml of mix per 150 mm membrane) 
at 42 ( C for 16 to 20 hours; 

20 iii/ hybridized in hybridization mix (10 ml per 150 mm membrane) containing 2 ng/mi of denatured 
radiolabeled Eco 2.1 fragment at 42 "C for 18 to 20 hours; 
tv/ washed in 2X SSC, 1% SDS at room temperature for 30 minutes; 

v/ washed in 5X SSC, 1% SDS, 25% formamide at 42 ° C for 6 to 8 hours with four changes of the wash 
solution. The membranes are exposed to X-Ray film (Kodak X-Ornat AR). Phage plaques showing 
25 coincident hybridization on the duplicate membranes are purified with a second round of lambda plaque 
lifts and hybridization with the Eco 2.1 probe. 
Plate lysates of recombinant phage containing insert homologous to yeast AHAS sequences are 
prepared according to Maniatis et al . (supra). Phage DNA is prepared from plate lysates with LambdaSorb 
(Promega, 2800 S. Fish Hatchery Rd., Madison, Wl 53711) according to manufacturer's recommended 
30 procedures. 

d. Construction and verification of transformation vector pC!B803 containing SU-R Arabidopsis AHAS gene . 

The recombinant phage DNA is digested with Xbal and the 5.8 kbp insert fragment is cloned into a 
35 Xbal-digested pCIB10 transformation vector to yield pCIB803. Plasmid pCIB803 is transferred from the E. 
coli HB101 host to Agrobacterium tumefaciens CIB542 by triparental mating [Ditta et al., Proc. Acad. Sci. 
USA, 77 (1980) 262-269]. A. tumefaciens pCIB803/CIB542 is used to transform Arabidopsis thaliana leaf 
explants according to Lloyd et al. [Science 234 (1980) 464-466] and Sheikholeslam and Weeks [ Plant 
Molec. Biol. 8 (1987) 291-298]. Transformed tissues are regenerated into plants according to Lloyd et al. 
40 (op.cit.) and Feldman and Marks [ Plant Sci. , 47 (1986) 63-69]. The growth of transformed tissues in culture 
medium is shown to be tolerant to 3 to 1.0 ng/ml of chlorsulfuron. The germination and growth of transgenic 
Arabidopsis plants in agar media are shown to be tolerant of 10 to 30 ng/ml of chlorsulfuron. 

e. Construction of transformation vector pC! B804 containing a chimeric SU-R AHAS gene . 

45 

The location of the AHAS coding sequence within the Xba 5.8 fragment is determined by nuclease-S1 
mapping [ Maniatis et al., op. cit], primer extension [McKnight et al., Ceil, 25 (1981) 385-398] and is verified 
by DNA sequencing [Sanger et al., Proc. Nat. Acad. Sci. USA 74 (1977) 5463-5467] and protein sequence 
comparisons to bacterial and yeast AHAS sequences [Faico et al., Nucl. Acid Res. 13 (1985) 4011-4027]. 

so The 5.8 kb Xbal fragment is cloned into Bluescript (Strategene) and sequences upstream of the AHAS 
coding sequence are deleted to within 10 to 20 bp upstream of the AHAS initiation codon using the 
Exo/Mung Deletion kit (Strategene). An appropriate linker is attached to the deletion end point. The resected 
AHAS gene is cut at an appropriate restriction site at least 10 bp downstream of the AHAS termination 
codon and the same linker used at the 5'-end of the gene is attached at the 3*-end of the gene. The 

55 fragment containing the AHAS coding sequence is excised from the vector by cutting at the linker sites and 
is cloned into the BamHI site of pCIB710. 

The BamHI site of pCIB710 is adapted or converted to a site compatible with the linker used above as 
necessary in order to receive the linkered SU-R AHAS gene. The orientation of the AHAS gene insert in 
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pCIB710 is determined with appropriate restriction enzymes. The clone containing the AHAS coding 
sequence correctly oriented with respect to the transcriptional direction of CaMV 35S promoter is 
designated pCIB804. 

s Example 18: Promotion of callus formation from protoplasts of Zea mays by 2,4-D and acetyl-saficylic acid 

Protoplasts are resuspended in the last step of example 3 in 6/7 strength KMC solution at 7.5 million 
per ml. The O-acetyl-salicylic acid is dissolved at 2.5 mg/ml in KM medium. The solution is filter sterilized. 
The O-acetyl-salicylic acid is then added to the culture medium immediately before use. Aliquots of 

70 protoplast suspension are placed in 6 cm diameter petri dishes at room temperature. 3 ml of KM medium 
containing 1.2% w/v SeaPlaque R agarose, 2,4-D and 0-acetyJ salicylic acid is added so as to give the 
correct 2,4-D and Oacetyi-salicylic acid concentrations and a protoplast density of 0.5 million per ml. The 
agarose and protoplasts are mixed well, and the medium allowed to gel. 

The dishes are cultured as described in example 7. After a period of 3 weeks, macroscopic colonies 

rs arising in the dishes are counted. The results are shown in tables 2 and 3 for protoplasts from two different 
independently obtained embryogenic suspension cultures. 



O-acetyl-salicylic acid (mg/1) 

0 1 3 10 30 100 

0 0 0 0 4 13 1 
0.3 63 2 6 15 83 146 

1 .0 9 7 NT 20 64 215 
3.0 3 1 0 6 45 111 
NT: Not tested 



2,4-D 
(rog/ 
liter) 



Table 2: Colony formation of Zea mays protoplasts in the 
presence of O-acetyl-salicylic acid and 2,4-D. 
[numbers are the numbers of colonies formed] 

35 



O-acetyl-salicylic acid (mg/1) 



50 



55 



2,4-D 

(rag/ 

liter) 



Table 3 : 
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0.3 
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1.0 
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2 


21 


31 


38 


3.0 


•0 


3 


1 


9 


41 


34 



Colony formation of Zea mays protoplasts in 
thepresence of O-acetyl-salicylic acid and 2,4-1 
[numbers are numbers of colonies formed) 



Figure 7: Colonies arising from Zea mays protoplasts plated in KM medium with and without 2,4-D 
and acetyl-salicyiic acid. Upper left: no 2,4-D or acetyl-salieylic acid. Upper right: 1 mg/liter 
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2,4-D and no acetyl-salicylic acid. Lower left: 100 mg/liter acetyi-salicylic acid and no 2,4-D. 
Lower right: 100 mg/liter acetyl-salicylic acid and 1 mg/liter 2,4-D. 

Example 19: Increased colony formation from protoplasts of Zea mays by addition of Q-acetyl-salicy lic acid 
5 and 2,4-D" " — 

The protoplasts are prepared and plated for culture as described in example 18, in 2 ml of medium in 6 
cm diameter petri dishes. 

The dishes are cultured as described in example 10. After a period of 3 weeks, macroscopic colonies 
w arising in the dishes are counted. The results are shown in table 4. O-acetyl-salicylic acid is again found to 
stimulate colony formation. However, at 300 mg/liter and above, a toxic effect is found. It is considered that 
this may be due to a pH problem and it may be that it can be overcome by appropriate buffering of the 
medium. 



20 



25 



30 



2,4-D 

(mg/ 0.3 
liter) 

1.0 

3.0 



O-acetyl-sal i cyl i c 
| 0 30 100 


acid 
300 


( mg/1 ) 
1000 | 


I i t i 
1 o | 0 | 0 | 


0 


-l 1 

1 o | 


| 32 | 212 | 438 | 


0 


H H 

1 o | 


| 72 | 405 | 327 | 


0 


H 1 

1 o | 


| 18 | 25 | 69 | 
i i i i 


0 


H 1 

1 o | 

J 1 



40 



45 



4: Colony formation (per dish) of Zea mays protoplasts 
in the presence of O-acetyl-salicylic acid and 2,4-D, 
[numbers are numbers of colonies formed] 



Example 20: Promotion of colony formation from Zea mays protoplasts by DMSO and O-acetyi-salicylic 
so acid in the presence of 2,4-D . 



The protoplasts are prepared and plated at 0.75 million per ml as described in example 18, using 1 ml 
of medium per 3.5 cm diameter petri dish. O-acetyl-salicylic acid is included in the medium. The O-acetyl- 
salicylic acid is dissolved in DMSO and then added to the medium before plating of the protoplasts. To 
55 obtain a solution in DMSO, 1 g of O-acetyl-salicylic acid is dissolved in 10 ml DMSO, and added to 90 ml 
distilled water. The solution is then filter sterilized before use. 

The dishes are cultured as described in example 10. After a period of 3 weeks, macroscopic colonies 
arising in the dishes are counted. The results are shown in table 5. DMSO alone (1% v/v) gives no 
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significant increase or decrease in colony forming efficiency of Zea mays protoplasts and apparently 
potentiates the stimulatory activity of the O-acetyl-salicylic acid. 



5 


2,4-D | 
mg/liter | 


No additions | 100 mg acetyl-sal i cyl i c acid/liter| 

1 1 

i 


TO 








° ! 


0 1 0 1 


15 


0.1 . | 


1 1 28 | 


20 


0.3 | 


2 | 235 | 




1.0 1 


45 | >300 | 


25 






30 


Table 5: 


Effect of O-acetyl-salicylic acid on colony formation 
by Zea mays protoplasts, showinq the stimulatory 



effect of dissolving the O-acetyl-salicylic acid in 



DMSO. [number of formed colonies] 



Example 21: Increasing colony formation of Zea mays proto plasts by addition of 2,4-D, and related plant 
growth regulators (auxins) 

40 Protoplasts are resuspended in the last step of example 3 in 6/7 strength KMC solution at 5 million per 
ml. 

Aliquots of protoplast suspension are placed in 6cm diameter petri dishes at room temperature. 2 ml of 
KM medium containing 1.2% w/v Seaplaque R agarose, and 2,4-D, Picloram, Dicamba or para-Chlorophenox- 
yacetic acid (pCPA) to give the correct plant growth regulator concentrations is added. The final protoplast 
45 density used is 0.54 million per ml. The agarose and protoplasts are mixed well, and the medium allowed to 
gel. 

The dishes are cultured as described in example 10. After a period of 3 weeks, macroscopic colonies 
arising in the dishes are counted. The results are shown in Table 6. 
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15 
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1 I I 
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dicamba | 
1 


0 


1 62 | 288 | 
1 1 1 


0 | 
1 


20 


pCPA [ 
1 


0 


1 52 | 0 | 
1 1 1 


0 | 

1 


25 


Table 6: Colony 


formation from cultured protoplasts of Zea mays 



in the presence of various plant growth regulators 



30 (auxins) (number of colonies formed] 



Example 22: Construction of a deleted Bt protoxin gene containing approximately 725 amino acid s, and 
35 construction of a chimeric gene containing this deleted gene with the CaMV 35S promoter. 

A deleted protoxin gene containing approximately 725 amino acids, is made by remowing the COOH- 
terminal portion of the gene by cleaving at the Knpl restriction endonuclease site at position 2325 in the 
sequence shown in Formula I in Figure 13. Plasmid pCIB10/35SBt (Figure 12) is digested with BamHI and 
40 Knpl, and the approximately 2.2-kbp BamHI/Knpl fragment containing the deleted protoxin gene is isolated 
by preparative agarose gel electrophoresis. To convert the Knpl site at the 3' end to a BamHI site, the 
fragment is mixed with a Knpl/BamHI adapter oligonucleotide and ligated. This fragment is then mixed with 
BamHI-cleaved pCIB1 0/710 (Figure 11). The resulting transformants, designed pdB10/35SBt(Knpl) and 
shown in figure 15, contain the deleted protoxin gene of approximately 725 amino acids. These transfor- 
ms mants are selected on kanamycin. 

Example 23: Construction of a deleted Bt protoxin gene containing approximately 645 amino acids, and 
construction of a chimeric gene containing this deleted gene with the CaMV 35S promoter. 

so A deleted protoxin gene containing approximately 645 amino acids is made by removing the COOH- 
terminal portion of the gene by cleaving at the Bell restriction endonuclease site at the position 2090 in the 
sequence shown in Formula I in Figure 13. Plasmid pCIB10/35SBt (Figure 12) is digested with BamHI and 
Bell, and the approximately 1.9-kbp BamHI/Bcll fragment containing the deleted protoxin gene is isolated by 
preparative agarose gel electrophoresis. Since Bell creates a cohesive end compatible with BamHI, no 

55 further manipulation is required prior to ligating this fragment into BamHI-cleaved pC!B1 0/710 (Figure 11). 
The resulting plasmid, which has the structure pCIB10/35SBt(Bcll) shown in Figure 16, is selected on 
kanamycin. 
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Example 24; Construction of a deleted Bt protoxin gene containing approximately 607 amino acids, and 
construction of a chimeric gene containing this deleted gene with the CaMV 35S promoter. 

A deleted protoxin gene is made by introducing a BamHI cleavage site (GGATCC) following nucleotide 
1976 in the sequence shown in Formula i (Figure 13). This is done by cloning the BamHI fragment 
containing the protoxin sequence from pC!B1 0/35SBt into mp18, and using standard oligonucleotide 
mutagenesis procedures described above. After mutagenesis, double-stranded replicative DNA is prepared 
from the M13 clone, which is then digested with BamHI. The approximately 1.9-kbp fragment containing the 
deleted protoxin gene is inserted into BamHI-cleaved pCIB1GY710. The resulting plasmid, which has the 
structure pCiB10/35SBt(607) is shown in Figure 17, is selected for on kanamycin. 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1. A method for producing a callus culture of Zea mays from which protoplasts can be isolated wherein 
the protoplasts are capable of being regenerated into fertile plants, which process comprises the steps 
of 

(a) culturing tissue originated from Zea mays plants in a suitable medium capable of initiating callus 
and/or sustaining callus proliferation until a special type of callus being relatively non-mucilaginous, 
granular and friable can be identified, 

(b) selecting said special type of callus, and 

(c) growing said special type of callus on a suitable callus maintaining medium. 

2. The method according to claim 1, wherein the tissue of step (a) is capable of forming callus and is 
immature Zea mays tissue, preferably from immature tassels, immature embryos, the basal portion of 
young leaves or from the scutellum of immature embryos. 

3. The method according to claim 2, wherein the immature tissue of step (a) consists of immature 
embryos between 1 and 4 mm in length. 

4. The method according to any one of claims 1 to 3, wherein the culturing the tissue of step (a) and the 
growing of the relatively non-mucilaginous, granular and friable callus of step (c) are carried out in the 
presence of appropriate concentrations of sugars and plant growth regulators. 

5. The method according to any one of claims 1 to 3, wherein the callus initiated in step (a) is subcultured 
to fresh maintenance medium in intervals of 1 to 120 days and at a temperature between 0° and 50 vC 
until the relatively non-mucilaginous, granular and friable special callus of step (a) can be identified. 

6. The method according to any one of claims 1 to 5, wherein the relatively non-mucilaginous, granular 
and friable special callus of step (a) is subcultured to fresh maintenance medium in intervals of 1 to 120 
days. 

7. A method for producing cell suspension cultures of Zea mays cells and cell aggregates from which 
protoplasts can be isolated, wherein the protoplasts are capable of regenerating fertile plants compris- 
ing: 

(a) culturing tissue originated from Zea mays plants in a suitable medium capable of initiating callus 
and/or sustaining callus proliferation until a special type of callus being relatively non-mucilaginous, 
granular and friable can be identified, 

(b) selecting said special type of callus; 

(c) optionally subculturing said special type of callus on a suitable callus maintaining medium; 

(d) transferring said special type of callus to a liquid medium to form a suspension of cells or cell 
aggregates, 

(e) subculturing the suspension for a suitable period of time and with a frequency sufficient to 
maintain the cells and ceil aggregates in a viable state, and 

(f) selecting and retaining those cultures from the product of step (e) that contain aggregates of 
densely cytoplasmatic, dividing ceils. 
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8. The method according to claim 7, wherein the suspension of step (e) is subcultured for a period of 
about 7 days and with a frequency sufficient to maintain the cells and cell aggregates in a viable state. 

9. The method according to any one of claims 7 to 8, wherein the subcultivation of step (e) is carried out 
5 until the suspension culture contains a proportion of at least 50% of dense, cytopiasmatic dividing cells 

and cell aggregates. 

10. A method for producing Zea mays protoplasts capable of regenerating fertile plants which method 
comprises the steps of either: 

to (i) taking callus obtainable in accordance to claim 1; or 

(ii) taking cultures obtainable in accordance with any one of claims 7 to 9 which cultures consist of 
aggregates of densely cytopiasmatic, dividing cells; and removing the cell walls with suitable 
enzyme preparation, and collecting and cleaning the resultant protoplasts. 

75 11. A method for regenerating Zea mays plants from protoplasts comprising the steps of: 

(i) producing protoplasts capable of being regenerated into fertile plants obtainable by the method of 
claim 10, 

(ii) plating said protoplasts in a suitable medium in which the protoplasts divide and form cells, and 
.(iii) subculturing the resulting ceils so as to regenerate plantlets on a growing medium to obtain 

20 fertile plants. 

12. The method according to claim 11 wherein the Zea mays protoplasts contain stably incorporated 
exogenous DNA. 

25 13. The method according to claim 11 wherein the DNA is expressible in Zea mays. 

14. The method according to claim 11 wherein the Zea mays protoplasts are cultured in the presence of a 
growth regulatingly effective non-toxic amount of a plant growth regulator and in the presence of an 
amount of a O-loweralkanoyl-salicylic acid sufficient to promote cell division or colony formation. 

30 

15. The method according to claim 14 wherein the amount of the plant growth regulator is in the range of 
about 0.01 to about 100 mg/liter. 

16. The method according to claim 14 wherein the O-loweralkanoyl-salicylic acid is O-acetyl-salicylic acid 
35 or O-propionyl-salicylic acid. 

17. The method according to claim 14 wherein the Zea mays protoplasts are cultured in the presence of a 
plant growth regulator selected from the group consisting of dicamba, picloram, pCPA, and 2,4-D and in 
the presence of an amount of a lower alkanoyl-salicylic acid selected from the group consisting of O- 

40 acetyl-salicylic acid and O-propionyl-salicylic acid sufficient to promote cell division or colony forma- 

tion. 

18. The method according to claim 17 wherein the plant growth regulator is 2,4-D and is in the range of 0.1 
to 100 mg/liter and the O-lower-alkanoyl-salicylic acid is O-acetyi-salicylic acid. 

45 

19. The method according to claim 14 comprising the further presence of an amount of DMSO sufficient to 
promote cell division or colony formation. 

20. The method of claim 11 wherein the protoplasts in step (i) divide so as to produce callus. 

50 

21. The method of claim 22 wherein the callus forms embryos or proembryos before they regenerate 
plantlets. 

22. The method of claim 13 wherein the cells in step (iii) form embryos before they regenerate plantlets. 

55 

23. A method for producing transgenic Zea mays protoplasts capable of being regenerated into fertile 
plants comprising treating protoplasts obtainable by the method of claim 10 with exogenous DNA so as 
to produce Zea mays cells that contain all or part of the exogenous DNA incorporated in their genetic 
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material. 

24. A protoplast of Zea mays capable of regenerating into fertile plants and obtainable by the method of 
claim 10. 

5 

25. The protoplast according to claim 24 having stably incorporated exogenous DNA. 

26. The protoplast according to claim 25 wherein the incorporated exogenous DNA is expressible in Zea 
mays. 

w 

27. The protoplast according to claim 26 wherein the incorporated exogenous DNA is a chimeric gene that 
provides the transformed plant with a new phenotypic trait, 

28. The protoplast according to claim 27 wherein the new phenotypic trait is increased resistance to pests; 
75 increased resistance to pathogens; increased resistance to chemicals; increased resistance to cytotox- 

ins; increased resistance to adverse environmental influences; increased formation of desirable sub- 
stances; decreased formation of undesirable substances; or modified morphological or developmental 
traits. 

20 29. The protoplast according to claim 28 wherein the new phenotypic trait is increased resistance to 
herbicides. 

30. The protoplast according to claim 29 wherein increased herbicide resistance is due to an altered aceto 
hydroxy acid synthase. 

25 

31. The protoplast according to claim 31 wherein the incorporated exogenous DNA is a chimeric gene that 
codes for a polypeptide having the insect toxicity properties of Bacillus thuringiensis crystal protein. 

32. The protoplast according to claim 24 wherein the Zea mays genotype is a Zea mays inbred line. 

30 

33. The protoplast according to claim 24 wherein the Zea mays genotype is an elite Zea mays inbred line. 

34. The protoplast according to claim 33 wherein the elite Zea mays is Funk 2717 which is on deposit at 
the American Type Culture Collection having the ATCC accession number 40326. 

35 

35. The protoplast according to claim 26 wherein the Zea mays genotype is a Zea mays inbred line. 

36. The protoplast according to claim 35 wherein the Zea mays genotype is an elite Zea mays inbred line. 

40 37. The protoplast according to claim 36 wherein the elite Zea mays is Funk 2717 which is on deposit at 
the American Type Culture Collection having the ATCC accession number 40326. 

38. An embryogenic cell culture of Zea mays from which protoplasts can be isolated, wherein the 
protoplasts regenerate cell walls, divide and form callus capable of regenerating fertile plants and which 

45 is obtainable by the method according to any one of claims 1 or 7. 

39. An embryogenic cell culture according to claim 38 wherein the cell culture is a suspension culture. 

40. An embryogenic cell culture according to claim 38 wherein the cell culture is a callus culture. 

50 

41. An embryogenic cell suspension culture of Zea mays which can be regenerated into fertile Zea mays 
plants and is obtainable by the method of claim 7. 

Claims for the following Contracting State : ES 

55 

1. A method for producing a callus culture of Zea mays from which protoplasts can be isolated wherein 
the protoplasts are capable of being regenerated into fertile plants, which process comprises the steps 
of 
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(a) cuituring tissue originated from Zea mays plants in a suitable medium capable of initiating callus 
and/or sustaining callus proliferation until a special type of callus being relatively non-mucilaginous, 
granular and friable can be identified, 

(b) selecting said special type of callus, and 

(c) growing said special type of callus on a suitable callus maintaining medium. 

2. The method according to claim 1, wherein the tissue of step (a) is capable of forming callus and is 
immature Zea mays tissue, preferably from immature tassels, immature embryos, the basal portion of 
young leaves or from the scutellum of immature embryos. 

3. The method according to claim 2, wherein the immature tissue of step (a) consists of immature 
embryos between 1 and 4 mm in length. 

4. The method according to any one of claims 1 to 3, wherein the cuituring the tissue of step (a) and the 
growing of the relatively non-mucilaginous, granular and friable callus of step (c) are carried out in the 
presence of appropriate concentrations of sugars and plant growth regulators. 

5. The method according to any one of claims 1 to 3, wherein the callus initiated in step (a) is subcultured 
to fresh maintenance medium in intervals of 1 to 120 days and at a temperature between 0 0 and 50 * C 
until the relatively non-mucilaginous, granular and friable special callus of step (a) can be identified. 

6. The method according to any one of claims 1 to 5, wherein the relatively non-mucilaginous, granular 
and friable special callus of step (a) is subcultured to fresh maintenance medium in intervals of 1 to 120 
days. 

7. A method for producing cell suspension cultures of Zea mays cells and cell aggregates from which 
protoplasts can be isolated, wherein the protoplasts are capable of regenerating fertile plants compris- 
ing: 

(a) culturing tissue originated from Zea mays plants in a suitable medium capable of initiating callus 
and/or sustaining callus proliferation until a special type of callus being relatively non-mucilaginous, 
granular and friable can be identified, 

(b) selecting said special type of callus; 

(c) optionally subculturing said special type of callus on a suitable callus maintaining medium; 

(d) transferring said special type of callus to a liquid medium to form a suspension of cells or cell 
aggregates, 

(e) subculturing the suspension for a suitable period of time and with a frequency sufficient to 
maintain the cells and cell aggregates in a viable state, and 

(f) selecting and retaining those cultures from the product of step (e) that contain aggregates of 
densely cytoplasmatic, dividing cells. 

8. The method according to claim 7, wherein the suspension of step (e) is subcultured for a period of 
about 7 days and with a frequency sufficient to maintain the cells and cell aggregates in a viable' state. 

9. The method according to any one of claims 7 to 8 wherein the subcultivation of step (e) is carried out 
until the suspension culture contains a proportion of at least 50% of dense, cytoplasmatic dividing cells 
and cell aggregates. 

10. A method for producing Zea mays protoplasts capable of regenerating fertile plants which method 
comprises the steps of either: 

(i) taking callus obtainable in accordance to claim 1; or 

(ii) taking cultures obtainable in accordance with any one of claims 7 to 9 which cultures consist of 
aggregates of densely cytoplasmatic, dividing cells; and removing the ceil walls with suitable 
enzyme preparation, and collecting and cleaning the resultant protoplasts. 

11. A method for regenerating Zea mays plants from protoplasts comprising the steps of: 

(i) producing protoplasts capable of being regenerated into fertile plants obtainable by the method of 
claim 10, 

(ii) planting said protoplasts in a suitable medium in which the protoplasts divide and form cells, and 
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(iii) subculturing the resulting cells so as to regenerate plantlets on a growing medium to obtain 
fertile plants. 

12. The method according to claim 11 wherein the Zea mays protoplasts contain stably incorporated 
5 exogenous DNA. 

13. The method according to claim 11 wherein the DNA is expressible in Zea mays. 

14. The method according to claim 11 wherein the Zea mays protoplasts are cultured in the presence of a 
w growth regulatingly effective non-toxic amount of a plant growth regulator and in the presence of an 

amount of a O-Ioweralkanoyl-salicylic acid sufficient to promote cell division or colony formation. 

15. The method according to claim 14 wherein the amount of the plant growth regulator is in the range of 
about 0.01 to about 100 mg/liter. 

75 

16. The method according to claim 14 wherein the O-loweralkanoyl-salicylic acid is O-acetyl-salicylic acid 
or O-propionyl-salicylic acid. 

17. The method according to claim 14 wherein the Zea mays protoplasts are cultured in the presence of a 
20 plant growth regulator selected from the group consisting of dicamba, picioram, pCPA, and 2,4-D and in 

the presence of an amount of a lower alkanoyl-salicyiic acid selected from the group consisting of O- 
acetyl-salicylic acid and O-propionyl-salicylic acid sufficient to promote cell division or colony forma- 
tion. 

25 18. The method according to claim 17 wherein the plant growth regulator is 2,4-D and is in the range of 0.1 
to 100 mg/liter and the O-Iower-alkanoyl-salicylic acid is O-acetyl-silicylic acid. 

19. The method according to claim 14 comprising the further presence of an amount of DMSO sufficient to 
promote cell division or colony formation. 

30 

20. The method of claim 11 wherein the protoplasts in step (i) divide so as to produce callus. 

21. The method of claim 22 wherein the callus forms embryos or proembryos before they regenerate 
plantlets. 

35 

22. The method of claim 13 wherein the cells in step (iii) form embryos before they regenerate plantlets. 

23. A method for producing transgenic Zea mays protoplasts capable of being regenerated into fertile 
plants comprising treating protoplasts obtainable by the method of claim 10 with exogenous DNA so as 

40 to produce Zea mays cells that contain all or part of the exogenous DNA incorporated in their genetic 
material. 

24. The method according to claim 13, wherein the incorporated exogenous DNA is a chimeric gene that 
provides the transformed plant with a new phenotypic trait. 

45 

25. The method according to claim 24, wherein the new phenotypic trait is increased resistance to pests; 
increased resistance to pathogens; increased resistance to chemicals; increased resistance to cytotox- 
ins; increased resistance to adverse environmental influences; increased formation of desirable sub- 
stances; decreased formation of undesirable substances; or modified morphological or developmental 

50 traits. 

26. The method according to claim 25, wherein the new phenotypic trait is increased resistance to 
herbicides. 

55 27. The method according to claim 26, wherein increased herbicide resistance is due to an altered aceto 
hydroxy acid synthase. 
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28. The method according to claim 25, wherein the incorporated exogenous DNA is a chimeric gene that 
codes for a polypeptide having the toxicity properties of Bad/ f us thuringiensis crystal protein. 

29. The method according to any one of claims 1 to 28, wherein the Zea mays genotype is a Zea mays 
s inbred line. 

30. The method according to claim 29, wherein the Zea mays genotype is an elite Zea mays inbred line. 

31. The method according to claim 30, wherein the elite Zea mays is Funk 2717, which is on deposit at the 
70 American Type Culture Collection having the ATCC accession number 40326. 

Patentanspruche 

Patentanspriiche fur folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

75 1. Verfahren zur Erzeugung einer Kallus-Kultur von Zea mays , aus der Protoplasten isoliert werden 
konnen, wobei die Protoplasten zu fertilen Pflanzen regeneriert werden konnen, dadurch gekennzeich- 
net, dafl man in Stufen 

(a) aus Zea mays -Pflanzen stammendes Gewebe in einem geeigneten Medium mit der Fahigkeit zur 
Initiierung eines Kallus und/oder zur Unterhaltung der Kallus-Proliferation zuchtet, bis ein spezieller 

20 Kallus-Typ, der relativ wenig schleimig, kornig und zerreibbar ist, identifiziert werden kann, 

(b) den speziellen Kallus-Typ seiektioniert, und 

(c) den speziellen Kallus-Typ auf einem geeigneten, einen Kailus unterhaitenden Medium zuchtet. 

2. Verfahren nach Anspruch 1 , wobei das Gewebe von Stufe (a) einen Kallus bilden kann und unreifes Zea 
25 mays -Gewebe, bevorzugt aus unreifen Narbenfaden, unreifen Embryonen, dem Basaiteil von jungen 

Blattern oder aus dem Schildchen unreifer Embryonen, ist. 

3. Verfahren nach Anspruch 2, wobei das unreife Gewebe von Stufe (a) aus unreifen Embryonen mit einer 
Lange von 1 und 4 mm besteht. 

30 

4. Verfahren nach einem der Anspruche 1 bis 3, wobei man das Gewebe der Stufe (a) und den relativ 
wenig schleimigen, kornigen und zerreibbaren Kailus von Stufe (c) in Gegenwart von geeigneten 
Konzentrationen von Zuckern und Pflanzenwachstumsregulatoren zuchtet. 

35 5. Verfahren nach einem der AnsprUche 1 bis 3, wobei der in Stufe (a) angesetzte Kallus in frischem 
Erhaltungsmedium in Intervallen von 1 bis 120 Tagen und einer Temperatur zwischen 0° und 50 'C 
subkultiviert wird, bis der relativ wenig schleimige, kornige und zerreibbare Spezialkallus von Stufe (a) 
identifiziert werden kann. 

40 6. Verfahren nach einem der Anspruche 1 bis 5, wobei der relativ wenig schleimige, kornige und 
zerreibbare Spezialkallus von Stufe (a) in frischem Erhaltungsmedium in Intervallen von 1 bis 120 
Tagen subkultiviert wird. 

7. Verfahren zur Erzeugung von Zellsuspensionskulturen von Zea mays -Zellen und Zellaggregaten, aus 
45 denen Protoplasten isoliert werden konnen, wobei die Protoplasten zu fertilen Pflanzen regeneriert 

werden konnen, dadurch gekennzeichnet, dafi man 

(a) aus Zea mays -Pflanzen stammendes Gewebe in einem geeigneten Medium mit der Fahigkeit zur 
Initiierung eines Kallus und/oder zur Unterhaltung der Kallus-Proliferation zuchtet, bis ein spezieller 
Kallus-Typ, der relativ wenig schleimig, kornig und zerreibbar ist, identifiziert werden kann; 
so (b) den speziellen Kallus-Typ seiektioniert; 

(c) gegebenenfalls den speziellen Kallus-Typ auf einem geeigneten, einen Kallus unterhaitenden 
Medium subkultiviert; 

(d) den speziellen Kallus-Typ in ein flussiges Medium uberfuhrt, urn eine Suspension von Zellen 
oder Zellaggregaten zu bilden; 

55 (e) die Suspension fUr eine geeignete Zeitspanne und mit einer Haufigkeit, die ausreicht, die Zellen 

und Zellaggregate in einem lebensfShigen Zustand zu erhalten, subkultiviert, und 
(f) die Kulturen aus dem Produkt der Stufe (e), die Aggregate von dichten cytoplasmatischen, sich 
teilenden Zellen enthalten, seiektioniert und beibehalt. 
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8. Verfahren nach Anspruch 7, wobei man die Suspension von Stufe (e) fur eine Zeitspanne von etwa 7 
Tagen und mit einer Haufigkeit, die ausreicht, die Zeilen und Zellaggregate in einem lebensfahigen 
Zustand zu erhalten, subkultiviert. 

5 9. Verfahren nach einem der AnsprQche 7 bis 8, wobei man in Stufe (e) die Subkultivierung durchfuhrt, bis 
die Suspensionskultur einen Anteil von mindestens 50% an dichten, cytoplasmatischen, sich teilenden 
Zeilen und Zeliaggregaten enthalt. 

10. Verfahren zur Erzeugung von Zea mays -Protopiasten mit der Fahigkeit, sich zu fertilen Pflanzen zu 
70 regenerieren, dadurch gekennzeichnet, daB man entweder: 

(i) den gemaB Anspruch 1 erhaltlichen Kailus entnimmt; oder 

(ii) die Kulturen, die gemafi einem der Ansprtiche 7 bis 9 erhaltlich sind, entnimmt, wobei die 
Kuituren aus Aggregaten von dichten, cytoplasmatischen, sich teilenden Zeilen bestehen; und man 

die Zellwande mit einem geeigneten Enzympraparat entnimmt und die so erhaltenen Protoplasten 
75 isoliert und reinigt. 

11. Verfahren zur Regeneration von Zea mays -Pflanzen aus Protoplasten, dadurch gekennzeichnet, dafl 
man: 

(i) Protoplasten mit der Fahigkeit, zu fertilen Pflanzen regeneriert zu werden, erhaltlich nach dem 
20 Verfahren von Anspruch 10, erzeugt; 

(ii) die Protoplasten in einem geeigneten Medium ausplattiert, in dem sich die Protoplasten teilen 
und Zeilen bilden; und 

(iii) die so erhaltenen Zeilen subkultiviert, um Setzlinge auf einem Wachstumsmedium zu regenerie- 
ren, urn fertile Pflanzen zu erhalten. 

25 

12. Verfahren nach Anspruch 11, wobei die Zea mays -Protoplasten stabil inkorporierte exogene DNA 
enthalten. 

13. Verfahren nach Anspruch 11, wobei die DNA in Zea mays exprimierbar ist. 

30 

14. Verfahren nach Anspruch 11, wobei man die Zea mays -Protoplasten in Gegenwart einer fOr die 
Regulation des Wachstums effektiven nichttoxischen Menge eines Pflanzenwachstumsregulators und in 
Gegenwart einer Menge an o-niedrig-Alkanoylsalicylsaure, die ausreicht, die Zeilteilung oder Koloniebil- 
dung zu fordem, zuchtet. 

35 

15. Verfahren nach Anspruch 14, wobei die Menge des Pflanzenwachstumsregulators im Bereich von etwa 
0,01 bis etwa 100 mg/l liegt. 

16. Verfahren nach Anspruch 14, wobei die o-niedrig-Alkanoylsalicylsaure o-Acetyisalicylsaure oder o- 
40 Propionylsalicylsaure ist. 

17. Verfahren nach Anspruch 14, wobei man die Zea mays -Protoplasten in Gegenwart eines Pflanzen- 
wachstumsregulators, ausgewahlt aus der Gruppe, bestehend aus Dicamba, Picloram, pCPA und 2,4-D, 
und in Gegenwart einer Menge einer niedrig-Aikanoylsalicylsaure, ausgewahlt aus der Gruppe, beste- 

45 hend aus o-Acetylsalicylsaure und o-Propionylsalicylsaure, die ausreicht, um die Zeilteilung oder 

Koloniebildung zu fSrdern, zuchtet. 

18. Verfahren nach Anspruch 17, wobei der Pfianzenwachstumsregulator 2,4-D ist und im Bereich von 0,1 
bis 100 mg/l liegt, und die o-niedrig-Alkanoylsalicylsaure o-Acetylsalicylsaure ist. 

50 

19. Verfahren nach Anspruch 14, umfassend weiterhin die Anwesenheit einer Menge an DMSO, die 
ausreicht, um die Zeilteilung oder Koloniebildung zu fordern. 

20. Verfahren nach Anspruch 11, wobei die Protoplasten in Stufe (i) sich unter Bildung eines Kailus teilen. 

55 

21. Verfahren nach Anspruch 22, wobei der Kailus Embryonen oder Proembryonen vor der Regeneration 
zu Setzlingen bildet. 
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22. Verfahren nach Anspruch 13, wobei die Zellen in Stufe (iii) vor der Regeneration zu Setzlingen 
Ermbryonen biiden. 

23. Verfahren zur Erzeugung von transgenen Zea mays -Protoplasten, die sich zu fertilen Pflanzen regene- 
rieren konnen, dadurch gekennzeichnet, dafi man die nach dem Verfahren nach Anspruch 10 
erhaltlichen Protoplasten mit exogener DNA behandelt, um Zea mays -Zellen zu erzeugen, die die 
Gesamtheit Oder einen Teil der in ihr genetisches Material rnkorporierten exogenen DNA enthalten. 

24. Protoplast von Zea mays mit der Fahigkeit, sich zu fertilen Pflanzen zu regenerieren, und erhaltlich 
nach dem Verfahren von Anspruch 10. 

25. Protoplast nach Anspruch 24, in den stabil exogene DNA inkorporiert ist 

26. Protoplast nach Anspruch 25, be) dem die inkorporierte exogene DNA in Zea mays exprimierbar ist. 

27. Protoplast nach Anspruch 26, wobei die inkorporierte exogene DNA ein chimares Gen ist, das der 
transformierten Pflanze eine neue phanotypische Eigenschaft verleiht. 

28. Protoplast nach Anspruch 27, wobei die neue phanotypische Eigenschaft erhohte Resistenz gegenuber 
Schadlingen; erhohte Resistenz gegenuber Krankheitserregern; erhohte Resistenz gegenuber Chemika- 
lien; erhohte Resistenz gegenuber Cytotoxinen; erhohte Resistenz gegenuber ungunstigen Umweltein- 
flussen; erhohte Bildung von erwunschten Substanzen; erniedrigte Bildung von unerwunschten Sub- 
stanzen; oder modifizierte morphologische oder entwicklungsbedingte Eigenschaften ist. 

29. Protoplast nach Anspruch 28, wobei die neue phanotypische Eigenschaft eine erhohte Herbizidresi- 
stenz ist. 

30. Protoplast nach Anspruch 29, wobei die erhohte Herbizidresistenz auf eine veranderte Acetohydrox- 
ysauresynthase zurtickzufuhren ist. 

31. Protoplast nach Anspruch 27, wobei inkorporierte exogene DNA ein chimares Gen ist, das ein 
Polypeptid mit den insektentoxischen Eigenschaften des kristallinen Bacillus thuringiensis -Proteins 
codiert. 

32. Protoplast nach Anspruch 24, wobei der Zea mays -Genotyp eine Zea mays -lnzuchtlinie ist. 

33. Protoplast nach Anspruch 24, wobei der Zea mays -Genotyp eine Elite- Zea mays -lnzuchtlinie ist. 

34. Protoplast nach Anspruch 33, wobei der Elite- Zea mays Funk 2717 ist, der bei der American Type 
Culture Collection unter der ATCC-Hinterlegungsnr. 40326 hinterlegt ist. 

35. Protoplast nach Anspruch 26, wobei der Zea mays -Genotyp eine Zea mays -lnzuchtlinie ist. 

36. Protoplast nach Anspruch 35, wobei der Zea mays -Genotyp eine Elite- Zea mays -lnzuchtlinie ist. 

37. Protoplast nach Anspruch 36, wobei der Elite- Zea mays Funk 2717 ist, der bet der American Type 
Culture Collection unter der ATCC-Hinterlegungsnr. 40326 hinterlegt ist. 

38. Embryogene Zellkultur von Zea mays , aus der Protoplasten isoliert werden konnen, wobei die 
Protoplasten Zellwande regenerieren, sich teilen und einen Kallus mit der Fahigkeit, sich zu fertilen 
Pflanzen zu regenerieren, biiden und die nach dem Verfahren nach einem der Anspruche 7 bis 22 
erhaltlich ist. 

39. Embryogene Zellkultur nach Anspruch 38, wobei, die Zellkultur eine Suspensionskultur ist. 

40. Embryogene Zellkultur nach Anspruch 38, wobei die Zellkultur eine Kallus-Kultur ist. 
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41. Embryogene Zellsuspensionskultur von Zea mays , die zu fertilen Zea mays -Pflanzen regeneriert 
werden kann, und die nach derm Verfahren nach Anspruch 7 erhaltlich ist. 

Patentanspriiche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Erzeugung einer Kallus-Kultur von Zea mays , aus der Protoplasten isoliert werden 
konnen, wobei die Protoplasten zu fertilen Pflanzen regeneriert werden konnen, dadurch gekennzeich- 
net, dafl man in Stufen 

( a ) aus Zea mays -Pflanzen stammendes Gewebe in einem geeigneten Medium mit der Fahigkeit zur 
Initiierung eines Kallus und/oder zur Unterhaltung der Kallus-Proliferation zuchtet, bis ein spezieller 
Kalius-Typ, der relativ wenig schleimig, kornig und zerreibbar ist, identifiziert werden kann, 

(b) den speziellen Kalius-Typ selektioniert, und 

(c) den speziellen Kalius-Typ auf einem geeigneten, einen Kallus unterhaltenden Medium zuchtet. 

2. Verfahren nach Anspruch 1, wobei das Gewebe von Stufe (a) einen Kallus bilden kann und unreifes Zea 
mays -Gewebe, bevorzugt aus unreifen Narbenfaden, unreifen Embryonen, derm Basalteil von jungen 
Blattern oder aus dem Schildchen unreifer Embryonen, ist. 

3. Verfahren nach Anspruch 2, wobei das unreife Gewebe von Stufe (a) aus unreifen Embryonen mit einer 
Lange von 1 und 4 mm besteht. 

4. Verfahren nach einem der Anspruche 1 bis 3, wobei man das Gewebe der Stufe (a) und den relativ 
wenig schleimig, kornig und zerreibbaren Kallus von Stufe (c) in Gegenwart von geeigneten Konzentra- 
tionen von Zuckem und Pflanzenwachstumsregulatoren zuchtet. 

5. Verfahren nach einem der Anspruche 1 bis 3, wobei der in Stufe (a) angesetzte Kallus in frischem 
Erhaltungsmedium in Intervallen von 1 bis 120 Tagen und einer Temperatur zwischen 0° und 50 °C 
subkultiviert wird, bis der relativ wenig schleimige, kornige und zerreibbare Spezialkallus von Stufe (a) 
identifiziert werden kann. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei der relativ wenig schleimige, kornige und 
zerreibbare Spezialkallus von Stufe (a) in frischem Erhaltungsmedium in Intervallen von 1 bis 120 
Tagen subkultiviert wird. 

7. Verfahren zur Erzeugung von Zellsuspensionskulturen von Zea mays -Zellen und Zellaggregaten, aus 
denen Protoplasten isoliert werden konnen, wobei die Protoplasten zu fertiien Pflanzen regeneriert 
werden konnen, dadurch gekennzeichnet, da/3 man 

(a) aus Zea mays -Pflanzen stammendes Gewebe in einem geeigneten Medium mit der Fahigkeit zur 
Initiierung eines Kallus und/oder zur Unterhaltung der Kallus-Proliferation zuchtet, bis ein spezieller 
Kalius-Typ, der relativ wenig schleimig, kornig und zerreibbar ist, identifiziert werden kann; 

(b) den speziellen Kailus-Typ selektioniert; 

(c) gegebenenfalls den speziellen Kal!us-Typ auf einem geeigneten, einen Kallus unterhaltenden 
Medium subkultiviert; 

(d) den speziellen Kalius-Typ in ein flussiges Medium uberfuhrt, urn eine Suspension von Zellen 
oder Zellaggregaten zu bilden; 

(e) die Suspension fur eine geeignete Zeitspanne und mit einer Haufigkeit, die ausreicht, die Zellen 
und Zellaggregate in einem lebensfahigen Zustand zu erhalten, subkultiviert, und 

(f) die Kulturen aus dem Produkt der Stufe (e), die Aggregate von dichten cytoplasmatischen, sich 
teilenden Zellen enthalten, selektioniert und beibehalt. 

8. Verfahren nach Anspruch 7, wobei man die Suspension von Stufe (e) fur eine Zeitspanne von etwa 7 
Tagen und mit einer Haufigkeit, die ausreicht, die Zellen und Zellaggregate in einem lebensfahigen 
Zustand zu erhalten, subkultiviert. 

9. Verfahren nach einem der Anspruche 7 bis 8, wobei man in Stufe (e) die Subkultivierung durchfuhrt, bis 
die Suspensionskultur einen Antei! von mindestens 50% an dichten, cytoplasmatischen, sich teilenden 
Zellen und Zellaggregaten enthalt. 
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10. Verfahren zur Erzeugung von Zea mays -Frotoplasten mit der Fahigkeit, sich zu fertilen Pflanzen zu 
regenerieren, dadurch gekennzeichnet, dafi man entweder: 

(i) den gemaB Anspruch 1 erhaltlichen Kallus entnimmt; oder 

(ii) die Kuituren, die gemaB einem der Anspruche 7 bis 9 erhaltlich sind, entnimmt, wobei die 
s Kuituren aus Aggregaten von dichten, cytoplasmatischen, sich teilenden Zeiien bestehen; und man 

die Zellwande mit einem geeigneten Enzympraparat entnimmt und die so erhaitenen Protoplasten 
isoiiert und reinigt. 

Verfahren zur Regeneration von Zea mays -Pflanzen aus Protoplasten, dadurch gekennzeichnet, da/3 
man: 

(i) Protoplasten mit der Fahigkeit, zu fertilen Pflanzen regeneriert zu werden, erhaltlich nach dem 
Verfahren von Anspruch 10, erzeugt; 

(ii) die Protoplasten in einem geeigneten Medium ausplattiert, in dem sich die Protoplasten teilen 
und Zellen bilden; und 

(iii) die so erhaitenen Zellen subkultiviert, um Setzlinge auf einem Wachstumsmedium zu regenerie- 
ren, um fertile Pflanzen zu erhalten. 

12. Verfahren nach Anspruch 11, wobei die Zea mays -Protoplasten stabil inkorporierte exogene DNA 
enthalten. 

20 

13. Verfahren nach Anspruch 11, wobei die DNA in Zea mays exprimierbar ist. 

14. Verfahren nach Anspruch 11, wobei man die Zea mays -Protoplasten in Gegenwart einer fur die 
Regulation des Wachstums effektiven nichttoxischen Menge eines Pfianzenwachstumsregulators und in 

25 Gegenwart einer Menge an o-niedrig-Alkanoylsalicylsaure, die ausreicht, die Zellteiiung oder Koioniebil- 

dung zu fordern, zuchtet. 

15. Verfahren nach Anspruch 14, wobei die Menge des Pfianzenwachstumsregulators im Bereich von etwa 
0,01 bis etwa 100 mg/l liegt. 

30 

16. Verfahren nach Anspruch 14, wobei die o-niedrig-Alkanoylsalicylsaure o-Acetylsalicylsaure oder o- 
Propionylsalicylsaure ist. 

17. Verfahren nach Anspruch 14, wobei man die Zea mays -Protoplasten in Gegenwart eines Pflanzen- 
35 wachstumsregulators, ausgewahlt aus der Gruppe, bestehend aus Dicamba, Picioram, pCPA und 2,4-D, 

und in Gegenwart einer Menge einer niedrig-Alkanoylsalicylsaure, ausgewahlt aus der Gruppe, beste- 
hend aus o-Acetylsalicyisaure und o-Propionylsaficylsaure, die ausreicht, um die Zellteiiung oder 
Koloniebildung zu fordern, zDchtet. 

40 18. Verfahren nach Anspruch 17, wobei der Pflanzenwachstumsregulator 2,4-D ist und im Bereich von 0,1 
bis 100 mg/l liegt und die o-niedrig-Alkanoylsalicylsaure o-Acetylsalicylsaure ist. 

19. Verfahren nach Anspruch 14, umfassend weiterhin die Anwesenheit einer Menge an DMSO, die 
ausreicht, um die Zellteiiung oder Koloniebildung zu fordern. 

45 

20. Verfahren nach Anspruch 11, wobei die Protoplasten in Stufe (i) sich unter Bildung eines Kallus teilen. 

21. Verfahren nach Anspruch 22, wobei der Kallus Embryonen oder Proembryonen vor der Regeneration 
zu Setzlingen bildet 

50 

22. Verfahren nach Anspruch 13, wobei die Zellen in Stufe (iii) vor der Regeneration zu Setzlingen 
Embryonen bilden. 

23. Verfahren zur Erzeugung von transgenen Zea mays -Protoplasten, die sich zu fertilen Pflanzen regene- 
55 rieren konnen, dadurch gekennzeichnet, daG man die nach dem Verfahren nach Anspruch 10 

erhaltlichen Protoplasten mit exogener DNA behandelt, um Zea mays -Zellen zu erzeugen, die die 
Gesamtheit oder einen Teil der in ihr genetisehes Material inkorporierten exogenen DNA enthalten. 



11. 
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24. Verfahren nach Anspruch 23, wobei die inkorporierte exogene DNA ein chimares Gen ist, das der 
transform ierten Pflanzen eine neue phanotypische Eigenschaft verleiht 

25. Verfahren nach Anspruch 24, wobei die neue phanotypische Eigenschaft erhohte Resistenz gegenuber 
SchSdlingen; erhohte Resistenz gegenuber Krankheitserregern; erhohte Resistenz gegenuber Chernika- 
lien; erhohte Resistenz gegenuber Cytotoxinen; erhohte Resistenz gegenOber ungunstigen Umweltein- 
flOssen; erhohte Biidung von erwunschten Substanzen; erniedrigte Bildung von unerwunschten Sub- 
stanzen; oder modifizierte morphologische oder entwicklungsbedtngte Eigenschaften ist. 

26. Verfahren nach Anspruch 25, wobei die neue phanotypische Eigenschaft eine erhohte Herbizidresistenz 
ist. 

27. Verfahren nach Anspruch 26, wobei die erhohte Herbizidresistenz eine Folge einer verSnderten 
Acetohydroxysauresynthase ist 

28. Verfahren nach Anspruch 25, wobei die inkorporierte exogene DNA ein chimares Gen ist, das ein 
Poiypeptid mit den Toxizitatseigenschaften des kristailinen Bacillus thuringiensis -Proteins codiert. 

29. Verfahren nach einem der Anspruche 1 bis 28, wobei der Zea mays -Genotyp eine Zea mays- 
Inzuchtiinie ist. 

30. Verfahren nach Anspruch 29, wobei der Zea mays -Genotyp eine Elite- Zea mays -lnzuchtlinie ist. 

31. Verfahren nach Anspruch 30, wobei der EHte- Zea mays Funk 2717 ist, der bei der American Type 
Culture Collection unter der ATCC-Hinterlegungsnr. 40326 hinterlegt wurde. 

Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1. Procede de production d'une culture de callus de Zea mays a partir de laquelle on peut isoler des 
protoplastes ou les protopiastes sont capables d'§tre regeneres en plantes fertiies, comprenant les 
etapes consistant a: 

(a) cultiver un tissu provenant de plants de Zea mays dans un milieu approphe capable d'amorcer 
un callus et/ou d'entretenir la proliferation d'un callus jusqu'a ce qu'on puisse identifier un type 
special de callus relativement non mucilagineux, granulaire et friable; 

(b) selectionner ledit type special de callus, et 

(c) cultiver ledit type special de callus sur milieu d'entretien de callus approprie. 

2. Procede selon la revendication T, dans lequel le tissu de I'etape (a) est capable de former un callus et 
un tissu de Zea mays immature, de preference provenant d'aigrettes immatures, d'embryons immatu- 
res, de la partie basale de jeunes feuiltes ou du scutellum d'embryons immatures. 

3. Procede selon la revendication 2, dans lequel le tissu immature de Tetape (a) se compose d'embryons 
immatures d'une longueur comprise entre 1 et 4 mm. 

4. Procede selon i'une queiconque des revendications 1 a 3, dans lequel on procede a ia mise en culture 
du tissu de Tetape (a) et a la culture du callus relativement non mucilagineux, granulaire et friable de 
I'etape (c) en presence de concentrations appropriees de sucres et de regulateurs de la croissance des 
plantes. 

5. Procede selon Tune queiconque des revendications 1 a 3, dans lequel on effectue une sous-culture du 
callus initiee dans I'etape (a) dans un milieu d'entretien frais a des intervalles de 1 a 120 jours et a une 
temperature comprise entre 0 et 50 °C jusqu'a ce qu'on puisse identifier le callus special relativement 
non mucilagineux, granulaire et friable de I'etape (a). 

6. Procede selon I'une queiconque des revendications 1 a 5, dans lequel on effectue une sous-culture du 
callus special relativement non-mucilagineux, granulaire et friable de I'etape (a) sur un milieu d'entretien 
frais a des intervalles de 1 a 120 jours. 
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7. Procede de production de cultures en suspension ceilulaire de cellules de Zea mays et d'agregats 
cellulaires a partir desquels ont peut isoler des protoplastes, dans lequel les protoplastes sont capables 
de regenerer des plantes fertiles comprenant : 

(a) cultiver un tissu provenant de plants de Zea mays dans un milieu approprie capable d'amorcer 
s un callus et/ou d'entretenir la proliferation d'un callus jusqu'a ce qu'on puisse identifier un type 

special de callus relativement non mucilagineux, granulaire et friable; 

(b) selectionner ledit type special de callus, et 

(c) facultativement on sous-cultive ledit type special de callus sur milieu d'entretien de callus 
approprie; 

10 (d) on transfere ledit type special de callus dans un milieu liquide pour former une suspension de 

cellules ou d'agregats cellulaires; 

(e) on effectue une sous-culture de la suspension pendant une duree appropriee et avec une 
frequence suffisante pour entretenir les cellules et les agregats cellulaires dans un etat viable et 

(f) on sefectionne et on conserve les cultures provenant du produit de I'etape (e) qui contient des 
15 agregats de cellules en division densement cytoplasmatique. 

8. Procede selon la revendication 7, dans lequel on effectue une sous-culture de la suspension de I'etape 
(e) pendant une duree d'environ 7 jours et avec une frequence suffisante pour maintenir les cellules et 
les agregats cellulaires en un etat viable. 

20 

9. Procede selon Tune quelconque des revendications 7 a 8, dans lequel on procede a la sous-culture de 
I'etape (e) jusqu'a ce que la culture en suspension contienne une proportion d'au moins 50% de 
cellules en division cytoplasmatique dense et d'agregats cellulaires. 

25 10. Procede de production de protoplastes de Zea mays capables de regenerer des plantes fertiles, 
comprenant les etapes consistant a: 

(i) soit prendre un callus que Ton peut obtenir selon la revendication 1; soit 

(ii) prendre des cultures que Ton peut obtenir selon I'une quelconque des revendications 1 a 9, ces 
cultures se composant d'agregats de cellules en division densement cytoplastique; et retirer les 

30 parois cellulaires avec une preparation enzymatique appropriee, puis recueillir et nettoyer les 

protoplastes resultants. 

11. Procede pour regenerer des plants de Zea mays a partir de protoplastes comprenant les etapes 
consistant a: 

35 (i) produire des protoplastes capables d'etre regeneres dans des plantes fertiles que Ton peut 

obtenir par le procede de la revendication 10, 

(ii) deposer en lames lesdits protoplastes dans un milieu approprie dans lequel les protoplastes se 
divisent et torment des cellules, et 

(iii) sous-cultiver les cellules resultantes de maniere a regenerer des plantules sur un milieu en 
40 croissance pour obtenir des plantes fertiles. 

12. Procede selon la revendication 11 dans lequel les protoplastes de Zea mays contiennent de TADN 
exogene incorpore de facon stable. 

45 13. Procede selon la revendication 11, dans lequel I'ADN est expressible dans Zea mays. 

14. Procede selon la revendication 11, dans lequel on cultive les protoplastes de Zea mays en presence 
d'une quantite non toxique efficace pour la regulation de la croissance, d'un regulateur de croissance 
des plantes, et en presence d'une quantite suffisante d'acide O-alcanoyl inferieur-salicylique pour 

so favoriser la division des cellules ou la formation de colonies. 

15. Procede selon la revendication 14 dans lequel la quantite du regulateur de la croissance des plantes 
est dans un intervalle d'environ 0,01 a environ 100 mg/l. 

55 16. Procede selon la revendication 14, dans lequel I'acide O-alcanoyl inferieur salicylique est I'acide O- 
acetyl-salicylique ou I'acide O-propionyl salicylique. 
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17. Procede selon la revendication 14, dans lequel on cuftive les protoplastes de Zea mays en presence 
d'un regulateur de la croissance des plantes selectionne a partir du groupe constitue par le dicamba, le 
picloram, le pCPA et le 2,4-D et en presence d'une quantite d'un acide aicanoyle inferieur salicylique 
selectionne a partir du groupe constitue par I'acide O-acetyl-salicylique et I'acide O-propionyl-salicyli- 

5 que suffisante pour favoriser la division cellulaire ou la formation de colonies. 

18. Procede selon la revendication 17 dans lequel le regulateur de la croissance des plantes est le 2,4-D et 
est dans un intervalle de 0,1 a 100 mg/l et I'acide O-alcanoyl inferieur salicylique est I'acide O-acetyl- 
salicylique. 

10 

19. Procede selon la revendication 14, comprenant la presence supplemental d'une quantite de DMSO 
suffisante pour favoriser la division de cellules ou la formation de colonies. 

20. Procede selon la revendication 1 1 , dans lequel les protoplastes dans J'etape (i) se divisent de maniere 
75 a produire un callus. 

21. Procede" selon la revendication 22, dans lequel le callus forme des embryons ou des proembryons 
avant de regenerer des plantuies. 

20 22. Procede selon la revendication 13, dans lequel les cellules dans I'etape (ii) forment des embryons 
avant de regenerer des plantuies. 

23. Procede de production de protoplastes transgeniques de Zea mays capables d'etre reg£neres dans 
des plantes fertrles, dans lequel on traite des protoplastes que Ton peut obtenir par le procede de la 

25 revendication 10, avec de I'ADN exogene de maniere a produire des cellules de Zea mays qui 

contiennent la totalite ou une partie de I'ADN exogene incorpore dans le materiau genetique, 

24. Protoplaste de Zea mays capable de se regenerer en plantes fertiies et pouvant etre obtenu par le 
procede de la revendication 10. 

30 

25. Protoplaste selon la revendication 24, ayant un ADN exogene incorpore de fagon stable. 

26. Protoplaste selon la revendication 25, dans lequel I'ADN exogene incorpore est expressible dans Zea 
mays . 

35 

27. Protoplaste selon la revendication 26, dans lequel I'ADN exogene incorpore est un gene chimerique qui 
fournit a la plante transformed un nouveau trait phenotypique. 

28. Protoplaste selon la revendication 27 dans lequel le nouveau trait phenotypique est une resistance 
40 accrue aux parasites, une resistance accrue aux pathogenes, une resistance accrue aux agents 

chimiques; une resistances aux cytotoxines; une resistance accrue aux influences nocives de I'environ- 
nement; une formation accrue de substances desirables; une formation diminuee de substances 
indesirables; ou une modification de traits morphologiques ou de deveioppement. 

45 29. Protoplaste selon la revendication 28 dans lequel le nouveau trait phenotypique est une resistance 
accrue aux herbicides. 

30. Protoplaste seion la revendication 29, dans lequel la resistance accrue aux herbicides est due a une 
modification de I'aceto hydroxy acide synthetase. 

50 

31. Protoplaste seion la revendication 27 dans lequel I'ADN exogene incorpore est un gene chimerique qui 
code pour un polypeptide ayant les proprietes de toxicite vis-a-vis des insectes de la proteine 
cristalline de Bacillus thuringiensis, 

55 32. Protoplaste selon la revendication 24, dans lequel le genotype de Zea mays est une lignee consangui- 
ne de Zea mays . 
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33. Protoplaste selon ia revendication 24, dans lequel le genotype de Zea mays est une iignee consangui- 
ne de Zea mays elite. 

34. Protoplaste selon (a revendication 33, dans lequel te Zea mays elite est Funk 2717 qui est en depot a 
5 I'American Type Culture Collection avec le numero d'acces ATCC 40326. 

35. Protoplaste selon la revendication 26, dans lequel le genotype de Zea mays est une Iignee consangui- 
ne de Zea mays . 

70 36. Protoplaste selon la revendication 35 dans lequel le genotype de Zea mays est une Iignee consanguine 
de Zea mays elite. 

37. Protoplaste selon la revendication 36, dans lequel le Zea mays elite est Funk 2717 qui en depot a 
TAmerican Type Culture Collection ayant le numero d'acces ATCC 40326. 

15 

38. Culture de cellules embryogeniques de Zea mays a partir de laquelle on peut isoler des protoplastes, 
ou les protoplastes regenerent des parois cellulaires, se divisent et torment un callus capable de 
regenerer des plantes fertiles et que. Ton peut obtenir par le procede selon i'une quelconque des 
revendications 1 ou 7. 

20 

39. Culture de cellules embryogeniques selon la revendication 38, dans laquelle la culture cellulaire est une 
culture en suspension. 

40. Culture de cellules embryogeniques selon la revendication 38, dans laquelle la culture cellulaire est une 
25 culture de callus. 

41. Culture en suspension cellulaire embryogenique de Zea mays qui peut etre regeneree en plants de 
Zea mays fertiles et que Ton peut obtenir par le procede de la revendication 7. 

30 Revendications pour I'Etat contractant suivant : ES 

1. Procede de production d'une culture de callus de Zea mays a partir de laquelle on peut isoler des 
protoplastes ou les protoplastes sont capables d'etre regeneres en plantes fertiles, comprenant les 
etapes consistant a: 

35 (a) cultiver un tissu provenant de plants de Zea mays dans un milieu approprie capable d'amorcer 

un callus et/ou d'entretenir la proliferation d'un callus jusqu'a ce qu'on puisse identifier un type 
special de callus relativement non mucilagineux, granulaire et friable; 

(b) selectionner ledit type special de callus, et 

(c) cultiver ledit type special de callus sur milieu d'entretien de callus approprie. 

40 

2. Precede selon la revendication 1, dans lequel le, tissu de I'etape (a) est capable de former un callus et 
un tissu de Zea mays immature, de preference provenant d'aigrettes immatures, d'embryons immatu- 
res, de la partie basale de jeunes feuilles ou du scutellum d'embryons immatures. 

45 3. Procede selon la revendication 2, dans lequel le tissu immature de I'etape (a) se compose d'embryons 
immatures d'une longueur comprise entre 1 et 4 mm. 

4. Procede* selon Tune quelconque des revendications 1 a 3, dans lequel on procede a la mise en culture 
du tissu de I'etape (a) et a la culture du callus relativement non mucilagineux, granulaire et friable de 

so I'etape (c) en presence de concentrations appropriees de sucres et de regulateurs de la croissance des 

plantes. 

5. Procede selon Tune quelconque des revendications 1 a 3, dans lequel on effectue une sous-culture du 
callus initiee dans I'etape (a) dans un milieu d'entretien frais a des intervalles de 1 a 120 jours et a une 

55 temperature comprise entre 0 et 50 °C jusqu'a ce qu'on puisse identifier le callus special relativement 

non mucilagineux, granulaire et friable de I'etape (a). 
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6. Procede selon Tune quefconque des revendications 1 a 5, dans lequel on effectue une sous-culture du 
callus special relativement non-rnucilagineux, granulaire et friable de I'etape (a) sur un milieu d'entretien 
frais a des intervalles de 1 a 120 jours. 

5 7. Procede de production de cultures en suspension celluiaire de cellules de Zea mays et d'agregats 
cellulaires a partir desquels ont peut isoler des protoplastes, dans lequel les protoplastes sont capables 
de regenerer des plantes fertiles, ou Ton procede de maniere a: 

(a) cultiver un tissu provenant de plants de Zea mays dans un milieu approprie capable d'amorcer 
un callus et/ou d'entretenir la proliferation d'un callus jusqu'a ce qu'on putsse identifier un type 

ro special de callus relativement non mucilagineux, granulaire et friable; 

(b) selectionner ledit type special de callus, et 

(c) facultativement sous-cultiver (edit type special de callus sur milieu d'entretien de callus appro- 
prie; 

(d) transferer ledit type special de callus dans un milieu liquide pour former une suspension de 
15 cellules ou d'agregats cellulaires; 

(e) effectuer une sous-culture de la suspension pendant une duree appropriee et avec une 
frequence suffisante pour entretenir les cellules et les agregats cellulaires dans un etat viable et 

(f) selectionner et conserver les cultures provenant du produit de I'etape (e) qui contiennent des 
-agregats de cellules en division densement cytoplasmatiques. 

20 

8. Procede selon la revendication 7, dans lequel on effectue une sous-culture de la suspension de I'etape 
(e) pendant une duree d'environ 7 jours et avec une frequence suffisante pour maintenir les cellules et 
les agregats cellulaires en un etat viable. 

25 9. Procede selon Tune quelconque des revendications 7 a 8, dans lequel on procede a la sous-culture de 
I'etape (e) jusqu'a ce que la culture en suspension contienne une proportion d'au moins 50% de 
cellules en division cytoplasmatique dense et d'agregats cellulaires, 

10. Procede de production de protoplastes de Zea mays capables de regenerer des plantes fertiles, 
30 comprenant ies etapes consistant a: 

(i) soit prendre un callus que Ton peut obtenir selon la revendication 1 ; soit 

(ii) prendre des cultures que Ton peut obtenir selon Tune quelconque des revendications 1 a 9, ces 
cultures se composant d'agregats de cellules en division densement cytoplasmatique; et retirer les 
parois cellulaires avec une preparation enzymatique appropriee, puis recueillir et nettoyer les 

35 protoplastes resultants. 

11. Procede pour regenerer des plants de Zea mays a partir de protoplastes comprenant les etapes 
consistant a: 

(i) prod u ire des protoplastes capables d'etre regeneres dans des plantes fertiles que Ton peut 
40 obtenir par le procede de la revendication 10, 

(ii) deposer en lames lesdits protoplastes dans un milieu approprie dans lequel les protoplastes se 
divisent et forment des cellules, et 

(iii) sous-cultiver les cellules resultantes de maniere a regenerer des plantules sur un milieu en 
croissance pour obtenir des plantes fertiles. 

45 

12. Procede selon la revendication 11 dans lequel les protoplastes de Zea mays contiennent de I'ADN 
exogene incorpore de facon stable. 



50 
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13. Procede selon la revendication 11, dans lequel I'ADN est expressible dans Zea mays . 

14. Procede selon la revendication 11, dans lequel on cultive les protoplastes de Zea mays en presence 
d'une quantite non toxique efficace pour la regulation de la croissance, d'un regulateur de croissance 
des plantes, et en presence d'une quantite suffisante d'acide O-alcanoyle inferieur-salicylique pour 
favoriser la division des cellules ou (a formation de colonies. 

15. Procede selon la revendication 14 dans lequel la quantite du regulateur de la croissance des plantes 
est dans un intervalle d'environ 0,01 a environ 100 mg/l. 
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16. Procede selon la revendication 14, dans lequel I'acide O-alcanoyle inferieur salicylique est I'acide O- 
acetyl-salicylique ou I'acide O-propionyl salicylique. 

17. Procede selon ia revendication 14, dans lequei on cuitive les protoplastes de Zea mays en presence 
s d'un regulateur de la croissance des plantes selectionne a partir du groupe constitue par le dicamba, le 

picloram, le pCPA et le 2,4-D et en presence d'une quantite d'un acide alcanoyle inferieur salicylique 
selectionne a partir du groupe constitue par i'acide Oacetyl-salicylique et I'acide O-propionyl-salicyli- 
que suffisante pour favoriser ia division cellulaire ou la formation de colonies. 

10 18. Procede selon la revendication 17 dans lequel le regulateur de la croissance des plantes est le 2,4-D et 
est dans un intervalle de 0,1 a 100 mg/l et I'acide O-aicanoyie inferieur salicylique est I'acide 0-acetyl- 
salicylique. 

19. Procede selon la revendication 14, comprenant la presence supplemental' re d'une quantite de DMSO 
15 suffisante pour favoriser la division de cellules ou la formation de colonies. 

20. Procede selon la revendication 11, dans lequel les protoplastes dans r^tape (i) se divisent de maniere 
a produire un callus. 

20 21. Procede selon la revendication 22, dans lequel le callus forme des embryons ou des proembryons 
avant de regenerer des plantules, 

22. Procede selon la revendication 13, dans lequel les cellules dans I'etape (ii) forment des embryons 
avant de regenerer des plantules. 

25 

23. Procede de production de protoplastes transgeniques de Zea mays capables d'etre regeneres dans 
des plantes fertiles, dans lequel on traite des protoplastes que Ton peut obtenir par le procede de la 
revendication 10, avec de I'ADN exogene de maniere a produire des cellules de Zea mays qui 
contiennent la totalite ou une partie de I'ADN exogene incorpore dans le materiau genetique. 

30 

24. Procede selon la revendication 13, dans lequel I'ADN exogene incorpore est un gene chimerique qui 
fournit a la plante transformed un nouveau trait phenoty pique. 

25. Procede selon la revendication 24, dans lequel le nouveau trait phenotypique est une resistance accrue 
35 aux parasites; une resistance accrue aux pathogenes, une resistance accrue aux agents chimiques; une 

resistance accrue aux cytotoxines; une resistance accrue aux influences nocives de I'environnement; 
une formation accrue de substances desirables; une formation diminuee de substances indesirables; ou 
une modification de traits morphologiques ou de developpement. 

40 26. Procede selon la revendication 25, dans lequel le nouveau trait phenotypique est une resistance accrue 
aux herbicides. 

27. Procede selon la revendication 26, dans lequel (a resistance accrue aux herbicides est due a une 
modification de I'aceto hydroxy acide synthetase. 

45 

28. Procede selon la revendication 25, dans lequel I'ADN exogene incorpore est un gene chimerique qui 
code pour un polypeptide ayant les proprietes de toxicite vis-a-vis des insectes de la proteine 
cristatline de Bacillus thuringiensis . 

so 29. Procede selon Tune quelconque des revendications 1 a 28, dans lequel le genotype de Zea mays est 
une lign^e consanguine de Zea mays . 

30. Procede selon la revendication 29, dans lequei le genotype de Zea mays est une lignee consanguine 
de Zea mays elite. 

55 

31. Procede selon la revendication 30, dans lequel le Zea mays elite est Funk 2717 qui est en depot a 
rAmehcan Type Culture Collection avec le numero d'acces ATCC 40326. 
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Fig. 7 
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Figure 7b 
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Figure 13: Nucleotide sequence of the endo toxine gene from 
Bacillus thuringiensis var. Jcurstaki HD1 



1 


GTTAACACCC 


TGGGTCAAAA 


ATTGATATTT 


AGTAAAATTA 


GTTGCACTTT 


■ 51 


GTGCATTTTT 


TCATAAGATG 


AGTCATATGT 


TTTAAATTGT 


AGTAATGAAA 


101 


AACAGTATTA 


TATCATAATG 


AATTGGTATC 


TTAATAAAAG 


AGATGGAGGT 


151 


AACTTATGGA 


TAACAATCCG 


AACATCAATG 


AATGCATTCC 


TTATAATTGT 


201 


TTAAGTAACC 


CTGAAGTAGA 


AGTATTAGGT 


GGAGAAAGAA 


TAGAAACTGG 


251 


TTACACCCCA 


ATCGATATTT 


CCTTGTCGCT 


AACGCAATTT 


CTTTTGAGTG 


301 


AATTTGTTCC 


CGGTGCTGGA 


TTTGTGTTAG 


GACTAGTTGA 


TATAATATGG 


351 


GGAATTTTTG 


GTCCCTCTCA 


ATGGGACGCA 


TTTCTTGTAC 


AAATTGAACA 


401 


GTTAATTAAC 


CAAAGAATAG 


AAGAATTCGC 


TAGGAACCAA 


GCCATTTCTA 


451 


GATTAGAAGG 


ACTAAGCAAT 


CTTTATCAAA 


TTTACGCAGA 


ATCTTTTAGA 


501 


GAGTGGGAAG 


CAGATCCTAC 


TAATCCAGCA 


TTAAGAGAAG 


AGATGCGTAT 


551 


TCAATTCAAT 


GACATGAACA 


GTGCCCTTAC 


AACCGCTATT 


CCTCTTTTTG 


601 


CAGTTCAAAA 


TTATCAAGTT 


CCTCTTTTAT 


CAGTATATGT 


TCAAGCTGCA 


651 


AATTTACATT 


TATCAGTTTT 


GAGAGATGTT 


TCAGTGTTTG 


GACAAAGGTG 


701 


GGGATTTGAT 


GCCGCGACTA 


TCAATAGTCG 


TTATAATGAT 


TTAACTAGGC 


751 


TTATTGGCAA 


CTATACAGAT 


CATGCTGTAC 


GCTGGTACAA 


TACGGGATTA 


801 


GAGCGTGTAT 


GGGGACCGGA 


TTCTAGAGAT 


TGGATAAGAT 


ATAATCAATT 


851 


TAGAAGAGAA 


TTAACACTAA 


CTGTATTAGA 


TATCGTTTCT 


CTATTTCCGA 


901 


ACTATGATAG 


TAGAACGTAT 


CCAATTCGAA 


CAGTTTCCCA 


ATTAACAAGA 


951 


GAAATTTATA 


CAAACCCAGT 


ATTAGAAAAT 


TTTGATGGTA 


GTTTTCGAGG 


1001 


CTCGGCTCAG 


GGCATAGAAG 


GAAGTATTAG 


GAGTCCACAT 


TTGATGGATA 


1051 


TACTTAACAG 


TATAACCATC 


TATACGGATG 


CTCATAGAGG 


AGAATATTAT 


1101 


TGGTCAGGGC 


AT C AAATAAT 


GGCTTCTCCT 


GTAGGGTTTT 


CGGGGCCAGA 


1151 


ATTCACTTTT 


CCGCTATATG 


GAACTATGGG 


AAATGCAGCT 


CCACAACAAC 


1201 


GTATTGTTGC 


TCAACTAGGT 


CAGGGCGTGT 


ATAGAACATT 


ATCGTCCACT 


1251 


TTATATAGAA 


GACCTTTTAA 


TATAGGGATA 


AATAATCAAC 


AACTATCTGT 


1301 


TCTTGACGGG 


ACAGAATTTG 


CTTATGGAAC 


CTCCTCAAAT 


TTGCCATCCG 


1351 


CTGTATACAG 


AAAAAGCGGA 


ACGGTAGATT 


CGCTGGATGA 


AATACCGCCA 


1401 


CAGAATAACA 


ACGTGCCACC 


TAGGCAAGGA 


TTTAGTCATC 


GATTAAGCCA 


1451 


TGTTTCAATG 


TTTCGTTCAG 


GCTTTAGTAA 


TAGTAGTGTA 


AGTATAATAA 
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1501 


GAGCTCCTAT 


GTTCTCTTGG 


ATACATCGTA 


GTGCTGAATT 


TAATAATATA 


1551 


ATTCCTTCAT 


CACAAATTAC 


ACAAATACCT 


TTAACAAAAT 


CTACTAATCT 


1601 


TGGCTCTGGA 


ACTTCTGTCG 


TTAAAGGACC 


AGGATTTACA 


GGAGGAGATA 


1651 


TTCTTCGAAG 


AACTTCACCT 


GGCCAGATTT 


CAACCTTAAG 


AGTAAATATT 


1701 


ACTGCACCAT 


TATCACAAAG 


ATATCGGGTA 


AGAATTCGCT 


ACGCTTCTAC 


1751 


CACAAATTTA 


CAATTCCATA 


CATCAATTGA 


CGGAAGACCT 


ATTAATCAGG 


1801 


GGAATTTTTC 


AGCAACTATG 


AGTAGTGGGA 


GTAATTTACA 


GTCCGGAAGC 


1851 


TTTAGGACTG 


TAGGTTTTAC 


TACTCCGTTT 


AACTTTTCAA 


ATGGATCAAG 


1901 


TGTATTTACG 


TTAAGTGCTC 


ATGTCTTCAA 


TTCAGGCAAT 


GAAGTTTATA 


1951 


TAGATCGAAT 


TGAATTTGTT 


CCGGCAGAAG 


TAACCTTTGA 


GGCAGAATAT 


2001 


GATTTAGAAA 


GAGCACAAAA 


GGCGGTGAAT 


GAGCTGTTTA 


CTTCTTCCAA 


2051 


TCAAATCGGG 


TTAAAAACAG 


ATGTGACGGA 


TTATCATATT 


GATCAAGTAT 


2101 


CCAATTTAGT 


TGAGTGTTTA 


TCTGATGAAT 


TTTGTCTGGA 


TGAAAAAAAA 


2151 


GAATTGTCCG 


AGAAAGTCAA 


ACATGCGAAG 


CGACTTAGTG 


ATGAGCGGAA 


2201 


TTTACTTCAA 


GATCCAAACT 


TTAGAGGGAT 


CAATAGACAA 


CTAGACCGTG 


2251 


GCTGGAGAGG 


AAGTACGGAT 


ATTACCATCC 


AAGGAGGCGA 


TGACGTATTC 


23 01 


AAAGAGAATT 


ACGTTACGCT 


ATTGGGTACC 


TTTGATGAGT 


GCTATCCAAC 


2351 


GTATTTATAT 


CAAAAAATAG 


ATGAGTCGAA 


ATTAAAAGCC 


TATACCCGTT 


2401 


ACCAATTAAG 


AGGGTATATC 


GAAGATAGTC 


AAGACTTAGA 


AATCTATTTA 


2451 


ATTCGCTACA 


ATGCCAAACA 


CGAAACAGTA 


AATGTGCCAG 


GTACGGGTTC 


2501 


CTTATGGCCG 


CTTTCAGCCC 


CAAGTCCAAT 


CGGAAAATGT 


GCCCATCATT 


2551 


CCCATCATTT 


CTCCTTGGAC 


ATTGATGTTG 


GATGTACAGA 


CTTAAATGAG 


2601 


GACTTAGGTG 


TATGGGTGAT 


ATTCAAGATT 


AAGACGCAAG 


ATGGCCATGC 


26 51 


AAGACTAGGA 


AATCTAGAAT 


TTCTCGAAGA 


GAAACCATTA 


GTAGGAGAAG 


2701 


CACTAGCTCG 


TGTGAAAAGA 


GCGGAGAAAA 


AATGGAGAGA 


CAAACGTGAA 


2751 


AAATTGGAAT 


GGGAAACAAA 


TATTGTTTAT 


AAAGAGGCAA 


AAGAATCTGT 


2801 


AGATGCTTTA 


TTTGTAAACT 


CTCAATATGA 


TAG AT T AC AA 


GCGGATACCA 


2851 


ACATCGCGAT 


GATTCATGCG 


GCAGATAAAC 


GCGTTCATAG 


CATTCGAGAA 


2901 


GCTTATCTGC 


CTGAGCTGTC 


TGTGATTCCG 


GGTGTCAATG 


CGGCTATTTT 


2951 


TGAAGAATTA 


GAAGGGCGTA 


TTTTCACTGC 


ATTCTCCCTA 


TATGATGCGA 


3001 


GAAATGTCAT 


TAAAAATGGT 


GATTTTAATA 


ATGGCTTATC 


CTGCTGGAAC 


3051 


GTGAAAGGGC 


ATGTAGATGT 


AGAAGAACAA 


AACAACCACC 


GTTCGGTCCT 


3101 


TGTTGTTCCG 


GAATGGGAAG 


CAGAAGTGTC 


ACAAGAAGTT 


CGTGTCTGTC 
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3 1 S 1 


CGGGTCGTGG 


CTATATLLT T 


GG J.G rtAlAlj 


Ctj 1 AUAAGtj ^ 


GGGA I A i GGA 


3 2 01 


GAAGGTTGCG 


TAAC C ATTCA 


TGAGATCGAG 


AACAATAUAG 


ACGAACTGAA 


3 2 51 


GTTTAGCAAC 


TGTGTAGAAG 


AGGAAG 1 A 1 A 


1 C UAAAUAAL 


e C C 7\ A C C 

ACGGTAACGT 




GTAATGATTA 


rn jl C C C C Ti. C T* 

i AC iutuAL 1 




fx 1 JLAU 


>j inLAL 1 lul 




v,u J, AA 1 L G AG 


Lt/\ 1 jt\ 1 LjO 




rtU^nn X 1H 1 






TGATTATGGA 


1 LAbll IA1U 




aTaTarar.aT 

rl 1 /\ JLA^Ayn 1 


IjIjALIjAAuAu 


3 4 51 


ACAATCCTTG 


TGAATCTAAL 


AGAGGAIAlG 


buvjAl IAL.AL. 


C C TS. C T> 7l c c n. 


3 501 


GCTGGCTATG 


TGACAAAAGA 


ATTAGAGTAC 


TTCC CAGAAA 


/*• Tt rp a a r* rn 
CCGATAAGGX 


1 C C 1 

3 5 b 1 


ATGGATTGAG 


ATCGGAGAAA 


CGGAAGGAAC 


ATTCATCGTG 


/"* A A C C C C C 

GACAGCGTGG 


3 6 01 


AATTACTTCT 


TATGGAGGAA 


TAATATATGC 


1 1 IA1AA 1 <J» 1 


AAuu 1 G lutA 


1 C C 1 


AA 1 AAAGAA 1 


r* A rp rp 71 CTC ?\ C 

GA 1 IAL i uAL 


1 iuinl I LjjtVC 


nun 1 /Vxvrt 1 rvrl 


/t <— n a a T"T r rT"T t 
vj ^sj/\x\x\ 11111 


■J7A1 

■j / U JL 


A I ATOAATAA 


AAAALuuuLA 




nAunn 1 uA 1 Li 


T V C ("* f^. T T r V r P r T f1 P f T* 
lV.Uuili.iii 




G lATGATT TA 


AC uAO Jl G A 1 A 


rpT»rp a a a 'T | /"**T»T 
JL 1 J.AAA lull 


11111 luLLiA 


nlJUL 1 1 1AU 1 


*5 ft n 1 

J o U 1 


T* A A C C C C C T> Ti 


CCCCC h. C T± T 1 Cl 

LLblLALA 1 G 


rrraTraar*? 

d U. Cri 1 LnAL 1 


T&ar,&& ttt(^ 




3851 


AAGTGTCAAA 


AAACGTTATT 


CTTTCTAAAA 


AGCTAGCTAG 


AAAGGATGAC 


3901 


ATTTTTTATG 


AATCTTTCAA 


TTCAAGATGA 


ATTACAACTA 


TTTTCTGAAG 


3951 


AGCTGTATCG 


TCATTTAACC 


CCTTCTCTTT 


TGGAAGAACT 


CGCTAAAGAA 


4001 


TTAGGTTTTG 


TAAAAAGAAA 


ACGAAAGTTT 


TCAGGAAATG 


AATTAGCTAC 


4051 


CATATGTATC 


TGGGGCAGTC 


AACGTACAGC 


GAGTGATTCT 


CTCGTTCGAC 


4101 


TATGCAGTCA 


ATTACACGCC 


GCCACAGCAC 


TCTTATGAGT 


CCAGAAGGAC 


4151 


TCAATAAACG 


CTTTGATAAA 


AAAGCGGTTG 


AATTTTTGAA 


ATATATTTTT 


4201 


TCTGCATTAT 


GGAAAAGTAA 


ACTTTGTAAA 


ACATCAGCCA 


TTTCAAGTGC 


4251 


AGCACTCACG 


TATTTTCAAC 


GAATCCGTAT 


TTTAGATGCG 


ACGATTTTCC 


4301 


AAGTACCGAA 


ACATTTAGCA 


.CATGTATATC 


CTGGGTCAGG 


TGGTTGTGCA 


4 3 51 


CAAACTGCAG 
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